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INTRODUCTION 


For many years there has been a continuing search for concrete and 
consistent morphologic criteria which could be used to distinguish neo- 
plastic cells from their normal cells of origin. The Golgi material (1-8) 
and the mitochondria (1, 3, 5-11) as well as the nucleoli (12-15) have 
received their share of attention in this regard. Such studies have con- 
tributed to our store of information on the cytology of malignant cells 
but have not presented us with criteria that will distinguish malignant 
cells from normal cells generally. Lewis (10) could just as well have 
been referring to neoplastic cells in general when he stated, ‘““There is no 
one striking cytological difference between normal fibroblasts and all 
malignant sarcoma cells.” 

Since nearly half a century of research has yielded so little in this 
respect, it was apparent that a different approach was needed. Charac- 
teristic differences from the normal were observed in the pattern of the 
Golgi material and in the size and shape of mitochondria in induced and 
spontaneous hepatomas in mice (5). With these results in mind, it was 
decided to make a survey of human tumors and to make a direct cytologic 
comparison between tumor cells and their cells of origin, with no attempt 
to find differences between all tumor cells and all normal cells. It was 
felt that regardless of the outcome of such a comparison, the cytologic 
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material made available from the survey would serve as a useful basis for 
future experimental studies. The study has been concerned primarily 
with the Golgi material and mitochondria. The present report deals 
only with the results obtained from a study of carcinoma of the prostate 
gland. 


MATERIAL AND METHODS 


Whenever possible, “normal’’ or uninvolved tissue was obtained for 
comparative study. Since both the mitochondria and Golgi substance 
are subject to rapid postmortem change and distintegration, it was neces- 
sary to place the tissue specimens in the appropriate fixing solution within 
15 minutes from the time of interruption of the circulation. Our procedure 
has been to have the technician assigned to this project attend the opera- 
tion personally, gowned and masked like the “floating’”’ part of the oper- 
ating team. The methods used to obtain the specimens were surgical 
enucleation of the gland, partial removal with the cold punch, and trans- 
urethral resection (Bovie). 

Samples of tissue were taken from both lateral lobes and the ventral 
or commissural lobe in the majority of cases. 

The tissues prepared for examination of the Golgi material were fixed 
in Champy fluid (1 part 2 percent osmic acid, 1 part 3 percent potassium 
di-chromate, and 1 part 1 percent chromic acid). Following fixation and 
washing they were placed in 2 percent osmic acid for 5 days at 40° C. 
Mitochondria were stained with the long iron-hematoxylin method fol- 
lowing fixation and mordanting with a modified Regaud technique (3 
days fixation in Regaud at 5° C., changing the fixative daily, followed by 
mordanting in 5 percent potassium di-chromate at 40° C. for 3 days). 

The clinical material available and suitable for study of the Golgi 
material and mitochondria consisted of 152 cases of benign prostatic 
hypertrophy and 32 cases of carcinoma of the prostate gland. 


RESULTS 


In examining the material from the three operative techniques, it was 
found that the tissue obtained by suprapubic enucleation and transurethral 
cold punch was more suitable for the study of cytologic detail than the 
material secured by transurethral resection with the electrical unit 
(Bovie). In the latter group, there was a tendency for the mitochondria 
to become enspherulated and somewhat enlarged, and for the Golgi 
material to be broken up into fine osmiophilic granules. 

In the benign hyperplastic prostate, the number and types of mitochon- 
dria varied little from specimen to specimen. The typical picture showed 
a small number of relatively large mitochondria concentrated in the cyto- 
plasmic area between the nucleus and the free border of the cell. In the 
majority of cases this cytoplasmic area contained numerous vacuoles, 
and the mitochondria were situated in the narrow strands of cytoplasm 
outlining the vacuoles. The mitochondria were either short filaments or 
spheres, but the spherical type predominated. Figure 1 shows the typical 
appearance of the mitochondria in the epithelial cells in benign prostatic 
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hyperplasia. Within regions of hyperplasia, small areas are sometimes 
found in which the epithelial cells are low columnar and in which there is 
no evidence of heaping up of cells. The cells in such areas frequently 
contain secretory granules (fig. 2) in contrast to the cells in truly hyper- 
plastic areas, which seldom contain them (fig. 1). 

In contrast to the mitochondrial pattern seen in benign hyperplasia, the 
cells in neoplastic lesions of the prostate contain numerous, tenuous, 
filamentous mitochondria. In areas where obvious degenerative changes 
were present, many of the neoplastic cells were vacuolated; but even in 
these cells the mitochondria were found to be numerous and small, 
although they were frequently found to be spherical in shape rather than 
filamentous. Figures 3 and 4 show the characteristic appearance of the 
mitochondria in undamaged well-preserved neoplastic cells. Figure 5 
shows a similar picture from a metastatic lesion in an inguinal lymph 
node. Figure 6 shows the mitochondrial pattern in degenerating vacuo- 
lated cells of adenocarcinoma of the prostate gland. 

In the epithelial cells of benign hyperplasia of the prostate gland the 
Golgi material was found to be located regularly in close proximity to the 
distal surface of the nucleus in the form of rather heavily impregnated 
strands. Occasionally it extended for short distances into the cytoplasm 
in the distal part of the cell. Figure 7 shows the characteristic appearance 
of the Golgi material in benign hyperplasia of the prostate in areas showing 
no evidence of piling up of cells. Rarely, in such areas, the Golgi material 
is somewhat hypertrophied and is oval or spherical in outline (fig. 8). 
In areas where a piling up of cells has occurred, the Golgi material is 
characteristically oval or spherical in form, and is seldom seen extending 
down around the lateral margin of the nucleus (fig. 9). 

In cells of adenocarcinoma the Golgi material varied considerably, 
both in amount and in the area of the cytoplasm into which it extended. 
In all cases it occupied a larger area of the cytoplasm than in cells of 
benign hyperplasia. The more usual picture is shown in figure 10. In 
this case the lesion was an adenocarcinoma of the prostate reproducing an 
acinar structure, and the Golgi material is in the form of strands extending 
from an area somewhat distal to the nuclear membrane to more distal 
parts of the cytoplasm. In three cases of adenocarcinoma it was found to 
occupy at least half of the cytoplasmic area distal to the nucleus (fig. 11). 
While the area of Golgi material varied considerably from one neoplasm 
to another, its form varied but little in the majority of the cells of any one 
neoplasm; and in all cases so far studied it was clearly different from the 
pattern of the Golgi material in benign hyperplastic tissue. 


DISCUSSION 


With few exceptions previous studies on the Golgi material and mito- 
chondria have not resulted in the establishment of consistent difference 
between neoplastic cells and their cells of origin. This may have been 
due to the fact that the number of cases studied in any one series was not 
sufficient for a proper evaluation; or that the investigators were attempting 
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to find consistent differences that would characterize all neoplastic cells 
when compared with normal cells generally. We have made no attempt 
to find differences that might be considered as characteristic of neoplasia, 
but have confined our studies to a direct comparison between neoplastic 
cells and their cells of origin. The differences in the pattern of the Golgi 
material in the neoplastic cells of the prostate and in the cells of benign 
hyperplasia appear to be consistent ones, and in our study of some 152 
cases of benign hyperplasia and 32 cases of carcinoma of the prostate 
no exceptions have been found. While this number is adequate for a 
tentative evaluation, more cases must be added to these before a definitive 
statement can be made that the differences described may be considered 
as diagnostic criteria. 

It should be added that the authors are aware of observations (16-20) 
lending considerable support to the view that the classical picture of the 
Golgi substance is a fixation artifact. Such observations are of consider- 
able interest in themselves but they do not necessarily invalidate studies 
based on the classical methods and demonstrating consistent differences 
in the location, configuration, or amount of the Golgi material in neoplastic 
cells versus their cells of origin, or in cells of control versus experimental 
tissues. 

SUMMARY AND CONCLUSIONS 


1. The mitochondria and the pattern of the Golgi material have been 
compared in 152 cases of benign hyperplasia and 32 cases of carcinoma 
of the prostate gland. 

2. The Golgi material in the cells of the epithelium in benign hyperplasia 
was found to be consistently juxta-nuclear in position and relatively 
small in amount. 

The Golgi material of neoplastic cells was found to occupy a relatively 
large area of the cytoplasm distal to the nucleus. In certain tumors it 
occupied considerably more than half of this area. 

3. The mitochondria in the cells of the epithelium in benign hyperplasia 
of the prostate were found to be relatively large spheres or filaments and 
few in number. In the cells in carcinoma of the prostate the mitochondria 
were found to be very numerous, tenuous filaments. 
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PLATE 22 


Figure 1.—Section showing mitochondria in cells in an acinus in benign prostatic 
hyperplasia. The mitochondria are fairly large and few in number. Regaud 
fixation, iron-hematoxylin stain. X 860. 

Figure 2.—Secretory granules in cells of benign prostatic hyperplasia. The arrange- 
ment of the cells in this area gives little evidence of a previously existing hyper- 
plastic process. Regaud fixation, iron-hematoxylin stain. X 860. 

Figure 3.— Mitochondria in cells of an adenocarcinoma of the prostate gland. They 
are numerous very smal] tenuous filaments. Regaud fixation, iron-hematoxylin 
stain. X 860. 
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PLATE 23 


Ficure 4.—Mitochondria in cells of adenocarcinoma of the prostate gland. 


They 
are numerous small filaments as in figure 3. Regaud fixation iron-hematoxylin 
stain. X 860. 


Ficure 5.—Mitochondria in a metastatic lesion of adenocarcinoma of the prostate. 


They are numerous and small, and a mixture of filaments and spheres. Regaud 
fixation, iron-hematoxylin stain. > 860. 


Figure 6.—Mitochondria in malignant cells in an area showing early degenerative 
change. The mitochondria are still numerous but crowded into the cytoplasmic 


areas between the vacuoles and are mostly small spheres. Regaud fixation, iron- 
hematoxylin stain. X 860. 
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PLATE 24 
Figure 7.—A section of benign prostatic hyperplasia showing the pattern of the 


Golgi material. It is regularly juxta-nuclear in position, frequently extending 


down the lateral borders of the nucleus toward the base of the cell. Champy 
fixation, 5 days’ osmication. < 860. 
Figure 8.—Golgi material in benign hyperplasia of the prostate gland in an area 


showing no evidence of piling up of cells. Rarely, as in this instance, the Golgi 


material is somewhat hypertrophied compared with the usual picture and is spherical 
or oval in outline. Champy fixation, 5 days’ osmication. 860. 
Golgi material in benign hyperplasia in an area showing piling up of cells. 


FIGuRE 9.— 
Champy fixation, 


It is relatively small in amount and oval or spherical in form. 


5 days’ osmication. 860. 
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PLATE 25 


Ficure 10.—Golgi material in cells of an adenocarcinoma of the prostate containing 
numerous well-formed acinar structures. It is in the form of an open net occupying 
a relatively large portion of the cytoplasmic area distal to the nucleus. Champy 
fixation, 5 days’ osmication. 860. 
FicurE 11.—Golgi material in cells of adenocarcinoma of the prostate. In this case 
it is in the form of numerous fine strands extending for considerable distances into 


the cytoplasm distal to the nucleus. Champy fixation, 5 days’ osmication. 860. 
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OBSERVATIONS ON THE EFFECT OF 
THYMECTOMY ON SPONTANEOUS LEU- 
KEMIAS IN MICE OF THE HIGH-LEUKE- 
MIC STRAINS, RIL AND C58! 


L. W. Law and J. H. Miuuer, National Cancer Institute, 
National Institutes of Health, U. S. Public Health Service, 
Bethesda, Md. 


INTRODUCTION 


The following observations indicate that the thymus plays a significant 
role in the development of spontaneous and induced leukemias of mice: 
In several inbred strains of mice, e. g., strain Ak (1) and strain RIL, 
it has been noted that the thymus is nearly always involved in the leukemic 
process and is in many cases the sole organ involved. In the induction 
of leukemia in certain strains of mice following whole-body exposure to 
fractionated roentgen radiation it has been observed that apparently the 
thymus is the site of predilection for the development of this neoplasm 
(2, 3); most, if not all, radiation-induced lymphomas seem to originate in 
the thymus. Microscopic study of early malignant lymphomas induced 
by roentgen radiation indicates that the site of origin is within the thymus 
itself (2). It has been reported also that the majority of lymphomas 
appearing following administration of estrogens involved the thymus, 
and in 20 percent of the cases the thymus and adjacent tissues alone were 
involved (4). When roentgen radiation and estrogens were given simul- 
taneously, the majority of mice (22 out of 25) from strains Bagg albino 
and CBA developed malignant lymphomas apparently of thymic origin 
(5). Thus, it would appear that the thymus is the most common site 
of potentially neoplastic cells of lymphoid origin. McEndy, Boon, and 
Furth (1) and Furth (6, 7) came to essentially this conclusion following 
removal of the thymus in mice of the Ak strain. Removal of the thymus 
in this high-leukemic strain resulted in a decreased incidence of leukemia, 
an increase in the mean age at death and a prolongation of life due to 
prevention of early death by leukemia. 

The work reported here is the first of a series of studies designed to 
elucidate the precise role of the thymus in the occurrence of spontaneous 
and induced malignant lymphomas in mice. 


1 Received for publication, April 14, 1950. 
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METHODS AND MATERIALS 


Total thymectomies ? were performed at 4 weeks of age on mice of the 
high-leukemic strains, C58 (8) and RIL, subline B (9). In this laboratory 
approximately 90 percent of mice of each of these strains develop leukemia, 
principally lymphoid in type. No sex differences in incidence, mean 
length of life, or type of leukemia have been observed in either strain. A 
striking difference in the site of origin and in organs infiltrated by leukemic 
cells, however, has been observed between these two strains (table 1). 
Many cases of leukemia in strain RIL involve only the thymus as de- 
termined by microscopic observation of lymphoid and nonlymphoid 
organs. These leukemias, apparently arising in the thymus, are always 
transmissible to appropriate mice, and under certain conditions give rise 
to a generalized leukemia with escape of leukemic cells into the blood 
stream. Out of a total of 62 autopsies of mice with spontaneous leukemia 
in this strain, the thymus was involved in every case, and in 52 cases 
initial and principal involvement seemed apparent, as determined by the 
size and extent of infiltration of lymphoid tissues. Out of 73 autopsies 
of leukemic mice in strain C58 only 52 percent involved the thymus, 
appearing in most cases to be a secondary infiltration from the spleen 
or from subcutaneous and internal lymph nodes; 48 percent showed no 
involvement whatever of the thymus. There appeared to be no relation- 
ship of age of the animal to the presence or extent of thymic involvement. 

A group of 113 strain RIL mice of both sexes, generations F27 to F29 
inclusive, and 282 mice of both sexes of strain C58, generations F80 to F84 
inclusive, were used in this study. Control mice were littermates of 
mice in the experimental series. A “‘sham-operation” for thymectomy was 
performed on 20 mice of each of the high-leukemic strains, and these are 
included in the control series. In these animals the operative procedure 
was identical with that for thymectomy, except that the thymus was left 
intact. A sample group of mice of each strain was weighed subsequent 
to thymectomy and weekly thereafter until death. All mice were housed 
in plastic cages, not more than 7 to a cage, and given Derwood Mills 
cubes * and a constant supply of tap water. In addition, 47 mice of 
strain C58 were splenectomized at 4 weeks of age, and 39 C58 mice were 
given transplants of one or two thymuses from littermates into the 
right axilla at 4 weeks of age. Approximately half of intact C58 mice 
in this experimental series received one thymus and the other half two. 
All mice were autopsied, and microscopic examination was made when 
possible of all leukemic and suspected leukemic tissues. Particular care 


2 The method used was essentially that described by H. 8S. Kaplan (The influence of thymectomy, splenectomy, 
and gonadectomy on the incidence of radiation-induced lymphoid tumors in strain C57 black mice. J. Nat. Can- 
cer Inst. 11:83-90, 1950.) The operation was carried out under a combination of ether and nembutal anesthe- 
sia. Each mouse was given nembutal, .038 cubic centimeter per gram of body weight, intraperitoneally, from 8 
stock solution prepared in a concentration of 2 mg. per cubic centimeter of isotonic saline. Ether was administered 
as & supplement to nembutal when necessary. A controlled moderate anesthesia can be given in this manner and 
postoperative respiratory difficulties are avoided. 


§ The formula of this diet has been published by Morris: Morris, H. P., Publ. Am. Assoc. Adv. Sc. 22: 140-161 
(1945). 
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was exercised to determine complete absence of thymic tissue in the exper- 
imental animals. No regeneration of thymic tissue was noted in any of 
the 111 thymectomies reported here. 


RESULTS 


There was found to be no difference in the growth curves of a repre- 
sentative sample of intact and thymectomized mice of both strains 
investigated, nor were any differences found in breeding behavior of 
representative samples of females between the control and experimental 
groups. 

The effect of total thymectomy on the incidence of leukemia and the 
relationship of incidence to age for strain RIL are summarized in table 2, 
and for strain C58 in table 3. In strain RIL, 4 of the 5 leukemias that 
appeared among 48 thymectomized mice arose after 11 months. At this 
time,78 percent of littermate controls had succumbed to leukemia. The 
mean age at death from leukemia of thymectomized strain RIL mice was 
12.7 months. In contrast, intact RIL mice of the control group died of 
leukemia at a mean age of 7.6 months. 

Total thymectomy in strain C58 mice reduced the incidence of leukemia 
from 90.9 to 34.9 percent. The difference of the means 56.0+9.8 percent 
is not as striking as in strain RIL mice but is, nevertheless, highly sig- 
nificant: P<0.001. The mean age at death from leukemia in thymecto- 
mized C58 mice was 15.5 months as compared with 10.6 months for litter- 
mate controls. 

The difference in incidence of leukemia between splenectomized C58 
mice and their control littermates was found not to be statistically sig- 
nificant. The P value for the difference of the means of the incidence of 
leukemia lies between 0.4 and 0.3 and thus may be attributed to sampling 
differences. These results suggest that the involvement of the spleen in 
the leukemic process, at least in strain C58 mice, is one of extension from 
other lymphoid tissues and is secondary in origin. 

Transplantation of one or two additional thymuses to the axillary 
region of intact C58 mice failed to alter the incidence of leukemia or the 
mean age at death from the disease. These transplanted thymuses were 
found to behave as the autologous or homologous transplanted thymuses 
in the rat (10). Complete disappearance of lymphoid elements occurred 
at from 6 to 9 days, and by 16 days there appeared in the sample of mice 
studied a reconstitution of the lymphoid structure of the transplant. At 
autospy of animals beyond 12 months of age physiologic involution of 
the thymus was evident. In a few cases the transplanted thymus was 
found to be involved in the leukemic process in intact C58 mice of this 
experimental series. 

Text-figure 1 shows the cumulative percentage mortality distribution 
of the four classes of strain RIL mice: intact leukemics, intact negatives, 
thymectomized leukemics, and thymectomized-negative mice. Text- 
figure 2 shows the cumulative percentage mortality distribution for similar 
groups among strain C58. ‘The distributions for leukemic mice in both 
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TEXT-FIGURE 1.—Percent mortality, cumulative by month, in various experimental 


groups of strain RIL mice. 
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strains show a fairly close parallel in slope, although the time of origin is 
somewhat later for the C58 leukemics and the frequency of thymectomized 
strain C58 leukemics is greater than for intact strain RIL mice. 

The increase in life expectancy for thymectomized strain RIL mice, 
from 7.9 to 11.3 months, and for thymectomized strain C58 mice, from 
12.0 to 15.7 months, was due primarily to lengthening of the lives of 
leukemic animals. Text-figure 2 shows that among the negative strain 
RIL mice, although the time of origin of the curves is the same, the slopes 
of the curve for thymectomized negatives is decidedly steeper at 11 to 15 
months. Deaths among the thymectomized negatives in strain C58 
occurred considerably earlier, and a greater number of deaths occurred 
between 16 and 19 months in the thymectomized-negative mice than in 
the intact negative series. Infection with chronic pneumonia occurs 
in our strain RIL mice. Deaths, however, from this cause were found 
to be equally distributed among the various groups. In strain C58, 
chronic pneumonia was not encountered, and no other obvious infections 
existed that would account for these differences in the mortality curves 
of intact negatives and thymectomized negatives. Experiments are now 
underway to investigate further the cause of early deaths among thymecto- 
mized, nonleukemic mice. 

These data are incomplete for the strain RIL mice, since 4 thymec- 
tomized mice and 1 control animal are still alive at 18 months. Thus, 
there will be an increase in the recorded differences of the means for total 
mortality, and possibly an increase in the incidence of leukemia, although 
there is no indication from the distribution of thymectomized leukemics 
in strain RIL of a tendency for this curve to rise near the end of the life 
span. 

The majority of leukemics appearing among thymectomized mice of 
strains RIL and C58 were typically of lymphoid-cell type. Occasionally 
in intact strain C58 mice reticulum-cell sarcoma-like conditions were 
found; however, there appeared to be no increase of this unusual type 
among C58 mice of the thymectomized series. The nine leukemics 
occurring in strain C58 at 19 months to 23 months were typically of the 
lymphoblastic type. Normally, types of leukemia other than lymphoid 
are not usually observed because of the high incidence of early deaths from 
lymphoid leukemia. Furth (6), however, observed unusual types of 
leukemia and a high incidence of osteomas in his Ak thymectomized mice 
in which the mean life span was considerably lengthened. 


DISCUSSION 


The profound decrease in the incidence of leukemia observed in strain 
Ak mice by Furth and co-workers (1, 6, 7) and reported here for strains 
C58 and RIL has been recorded in two other instances: 1) as a conse- 
quence of drastic caloric restriction in strain Ak mice (11) and 2) following 
restriction of a specific amino acid, cystine, in strain dba mice (12). In 
the latter report, considerable loss in weight and sterility, and a reduction 
911992—51——4 
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in the incidence of other types of tumors resulted from the experimental 
procedures. 

It is unlikely that the reduction in the incidence of leukemia observed 
here is the result of causes secondary to thymectomy, since there appeared 
no differences in the growth curves of thymectomized and intact litter- 
mates, “sham-operated” control mice did not differ in their expression of 
leukemia from intact controls, thymectomized mice reproduced well, and 
there occurred no apparent differential susceptibility to common labora- 
tory infections among the control and thymectomized mice. 

It might appear from the results obtained following thymectomy in 
strain RIL mice that the probable explanation of the decrease in the 
incidence of leukemia in this strain is removal of potentially malignant 
cells. However, if this is the correct interpretation, thymectomy should 
not prevent leukemia in mice in which the thymus appears not to be the 
site of origin of the malignant transformation. In the case of strain C58 
mice in which the thymus appears to have been secondarily involved by 
extension from other lymphoid tissues and where nearly 50 percent of 
mice autopsied have no involvement of the thymus, removal of the 
thymus nevertheless strikingly reduced the incidence of leukemia. 

Another explanation of the relation of the thymus to spontaneous 
leukemia is that a hypothetical thymic hormone is necessary for the 
development of leukemia and that thymectomy removes the source of 
the hormone. This seems unlikely, however, since the endocrine nature 
of the thymus has not been established, and leukemogenic agents such 
as estrogen and roentgen radiation result in an increase in the incidence 
of leukemia following involution of the thymus. This explanation 
nevertheless remains a distinct possibility, since we have shown (13) 
that in strain dba mice, in which thymic involvement in the leukemic 
process is a relatively rare occurrence, thymectomy nevertheless results in 
a striking reduction in the incidence of leukemia, while autologous trans- 
plantation of the thymus to the axillary region, following total thymec- 
tomy, allows for the full expression of the incidence of leukemia charac- 
teristic of this strain. Thus, the presence of thymic tissue at some place 
in the body appears to be necessary for the development of leukemia in a 
high percentage of animals. An interpretation of the precise role of the 
thymus must be postponed until information is available as to the effect 
of thymus extracts and of transplanted thymuses of different genetic 
constitutions and susceptibilities into appropriate test mice. These 
experiments are now in progress. 

It has been shown recently by Kaplan (1/4) that an indirect induction 
mechanism is involved in the production of malignant lymphomas arising 
in the thymus in mice exposed to roentgen radiation. Equal doses per 
unit volume of fractionated irradiation delivered either to the whole body, 
over one of four dorsal regions, or locally, resulted in a profound difference 
in the incidence of leukemia, suggesting that a systemic response following 
whole-body-radiation exposure precedes the development of lymphoid 
tumors. Further, it has been shown by Lorenz (15) that shielding the 
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thymus during whole-body exposure to x-rays did not significantly reduce 
the incidence of lymphoid tumors, and that irradiation over the thorax 
alone did not induce leukemia. This is further indication that the 
thymus may be involved in the induction of leukemia in an indirect 
manner. 

Finally, the possibility remains that the thymus may be the site of 
origin of the transformation from normal to leukemic cells, and that 
leukemic cells are transported by way of the circulation within a short 
time to other sites throughout the body. The apparently high selective 
response of thymic tissue in comparison with other lymphoid tissues to 
roentgen radiation, estrogens, and other involutional stimuli such as 
adrenal cortical extract (16, 17) would indicate that the lymphoid cells of 
the thymus are also selectively affected by endogenous leukemogenic 
agents. 

SUMMARY 


Total thymectomy performed at 4 weeks of age reduced the incidence 
of leukemia in strain RIL mice from 83.1 to 14.6 percent and increased the 
mean age at death of leukemics from 7.6 to 12.7 months. 

The incidence of leukemia in strain C58 mice was reduced from 90.9 to 
34.9 percent following thymectomy at 4 weeks of age. In addition, the 
mean age at death from lymphoid leukemia within this strain was in- 
creased from 10.6 to 15.5 months. It appears that prolongation of life in 
both high-leukemic strains results from prevention of early death from the 
lymphoid leukemias typical of each strain. 

A specific decrease in longevity was found among thymectomized, 
nonleukemic mice in both strains investigated. 

Neither splenectomy nor homoiotransplantation of thymuses into 
intact strain C58 mice significantly influenced the incidence or mean age at 
death from leukemia. 

The striking reduction in the incidence of leukemia in strain C58 mice, 
in which thymic involvement in the leukemic process apparently results 
from extension from other lymphoid tissues and in which nearly 50 percent 
of the animals show no involvement of the thymus in the leukemic process, 
indicates that an explanation for this decrease in the incidence of leukemia 
other than removal of potentially malignant cells by thymectomy is 
necessary. 

The leukemias that appeared in thymectomized mice of both strains 
were typically lymphoid in type. 

The possible role of the thymus in the transformation from the normal 
cell to the leukemic cell is discussed. 
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THE RELATION OF THE LETHAL YELLOW 
(A”) GENE TO PULMONARY TUMOR FOR- 
MATION AND OBESITY IN AN INBRED 
STRAIN OF MICE?? 


WatterR C. Morcan, Zoology Department, University 
of Connecticut, Storrs, Conn. 


It has been shown that the lethal yellow gene has an influence upon the 
development of pulmonary tumors in hybrid mice (1, 2). Yellow F;, 
hybrids from the cross between strains A and Y were found to be more 
susceptible than were their brown sibs to both induced and spontaneous 
pulmonary tumors. The lethal yellow gene is also associated with 
obesity as was first reported by Danforth (3). It was suggested by 
Heston (2) that the capacity of lethal yellow to increase susceptibility to 
pulmonary tumors may in some way be associated with the fact that this 
factor also increases body weight. 

A general observation in our breeding colony has been that the yellow 
mice of strain Y have tended to become less obese with inbreeding. It 
therefore seemed desirable to compare the yellow and non-yellow siblings 
of the highly inbred strain Y in respect to the frequency with which they 
develop pulmonary tumors spontaneously, and after treatment with a 
carcinogen. 

MATERIALS AND METHODS 


The strain Y stock used in these experiments was derived from the 
colony of Dr. H. B. Andervont at the National Cancer Institute. He 
had inbred the mice by sibship matings for 40 generations since he ob- 
tained the stock from the Jackson Memorial Laboratory. Owing to the 
fact that the A” gene has a lethal effect when homozygous, the yellow 
mice of the strain have remained heterozygous for the non-agouti allele 
(A¥a). Thus, even though the strain may be maintained by yellow X 
yellow matings, non-yellow segregants appear which are brown (aabb), 
since the strain is homozygous for brown. 

The two main groups were comprised of mice kept for a study of the 
incidence of spontaneous and induced pulmonary tumors. These will be 
referred to as Groups I and II, respectively. All animals were main- 
tained as virgins. Weights of each animal were recorded weekly. At the 

1 Received for publication, April 26, 1950. 
2 This project was carried out in the Biology Section of the National Cancer Institute, National Institutes of 
Health, U. S. Public Health Service, Bethesda, Maryland. Original thesis (of which this is an abbreviated 


condensation) submitted to the Division of Biology, of the George Washington University, in partial fulfillment 
of the requirements for the degree of Master of Science. 
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termination of the allotted periods (12 months for I, and 7 months for 
IT) all animals were killed by cervical dislocation and the lungs examined 
under the dissecting microscope for pulmonary tumor nodules. Grossly, 
the nodules appeared as small, round, pearly areas, sometimes elevated. 
Initially the nodules were saved routinely for Tellyesniczky fixation and 
hematoxylin-eosin staining, and examined histologically to verify the 
diagnosis of lung tumor. As the experiment progressed, only question- 
able lesions (which might be confused macroscopically with congested 
areas) were examined microscopically. 

Group I consisted of 200 mice divided equally as to sex and color. 
They were kept in an air-conditioned room in wooden cages, with 8 ani- 
mals to the cage, and given a constant supply of tap water and Derwood 
mouse food pellets, a ration similar to the one formulated by Morris (4). 
No measurements of food consumption or water intake were made. All 
surviving mice in this group were killed and autopsied at 12 months 
of age. 

Group II consisted of 105 mice, which were also divided as to sex and 
color and treated in the same way as Group I. At 8 weeks of age, these 
animals were injected in the lateral tail vein with 0.5 mg. of 20-methyl- 
cholanthrene dispersed in 0.5 cc. of normal horse serum; a procedure em- 
ployed successfully in previous experiments on pulmonary-tumor induction 
(5,6). Six months after treatment, the first animals were autopsied. It 
was soon evident that this 6-month period was too early after injection 
to permit finding an appreciable number of pulmonary tumors in these 
mice. Consequently, the data contained herein are from 105 animals 
autopsied 7 months after treatment. 


RESULTS 


Eighty-seven yellow and 80 brown mice in Group I were autopsied; 
some at the end of the 12-month period, others earlier if they died. 
None of the mice autopsied at less than 12 months showed pulmonary 
tumors. Ina total of 97 mice autopsied at 12 months, 8 (or 8.23 percent) 
had developed spontaneous primary pulmonary tumors. These tumors 
were not large macroscopic growths like some of the nodules of the high- 
tumor-incidence strains such as strains A or C, but most of them were 
minute round areas, often visible only under the dissecting microscope. 
No difference in incidence of spontaneous pulmonary tumors was noted 
between the two color groups. Nodules were observed in 3 yellow 
females, 3 brown females, 1 yellow male and 1 brown male. The only 
animal having more than 1 nodule was a yellow female, which had 1 large 
and 5 small nodules. 

In only 1 animal in this group of 167 mice (Group I), was a neoplasm 
found; this being a yellow male with a squamous-cell carcinoma in the 
ventral cervical region at 6 months of age. Other lesions found in this 
group included: calcium deposit in the kidneys, nephritis, amyloidosis 
(identified by histologic examination of kidneys and ovaries), and a skin 
ulceration (particularly prominent in the males). In the males, the last 
two conditions may have resulted from fighting. 
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It is not surprising to find a lower incidence of pulmonary tumors in 
strain Y mice than has been reported for AX Y F, hybrids of mice in other 
experiments concerned with the effect of the A” gene. Strain A mice (7) 
showed an incidence of 53 percent for spontaneous pulmonary tumors at 
12 months, 79 percent at 15 months, and 90 percent at 18 months. 
Strain Y mice, in this experiment, had an incidence of 8.23 percent at 
12 months. The AXY F, hybrids showed an incidence of 30 percent 
at 15 months (2). Thus the strain-alignment becomes: (a) strain A=53 
percent (12 mo.), (b) AXY F,=30 percent (15 mo.), and (c) strain 
Y=8.23 percent (12 mo.). 

One hundred five mice of Group II were autopsied 7 months after the 
injection. Pulmonary tumors were the only neoplasms observed in this 
group. The data for this group, presented in table 1, indicate a signifi- 
cant difference in the number of induced pulmonary tumors in the yellow 
and the brown mice. More than twice as many yellow animals developed 
tumors as did brown mice (ratio of 2.3 : 1). 

Examination of the data in table 1, segregated as to sex as well as to 
color, shows that the incidence of tumor nodules is distributed heterogene- 
ously among the four classes: X?(;)=24.4; P<.01. Although in the A” 
mice the incidence of lung tumors in the males is not as pronounced as 
in the females, yellow animals exhibit higher susceptibility to tumors 
than do the browns for each sex. The chi-square value for the combined 
yellows over browns is 10.17 with one degree of freedom (P<..01). Thus, 
it is found that littermates which differ from one another only in color 
have significantly different incidence values for pulmonary tumors and 
have different mean values of tumor nodules per lung per individual 
(table 1). The yellow mice, taken collectively, have an incidence (1.35) 
which is nearly twice that of the brown mice (0.78). 


TABLE 1.—Incidence of pulmonary tumors induced in strain Y mice 7 months after treat- 
ment with 20-methylcholanthrene 








Yellow Brown 
Eee eee Re NR, Soe Ce eee en 1 61/18/25 35/11/25 
ERIE SERS Se eT ee ee ae ee a 13/12/30 1/1/25 
5” ESSE, RES a Ne ree oe ne eee Sgn ne mae eres 74/30/55 36/12/50 
I Inne he ee eed 54.6% 24.0% 
FU Dee Or GRID. co oss wc heer ccccnces 1. 35 . 78 











1 First number=total number of Jung nodules; middle number=number of mice with lung nodules; last num- 
ber=total number of mice killed. 





As early as 1927 Danforth (3) observed a relationship between the A” 
gene and hereditary obesity. The wide difference in body weights 
previously associated with this gene has been shown to diminish with 
continued inbreeding (8). In text-figure 1, it is particularly noteworthy 
that the yellow females differed markedly in body weight from the other 
classes (the four classes consisting of yellow females, brown females, 
yellow males, and brown males), the approach to and the descent from 
their peak-weight levels being acute. The brown females, on the other 
hand, remained very thin, ranging within 3 gm. from the 10th week to 
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TEXT-FIGURE 1.—Class weights of 200 strain Y mice up to 12 months of age. Yellow 


females: -.x.-x--x; Brown females: --G--96--9; Yellow males: —x—x—x; Brown 
males: —0—0—0. 


the termination of the experiment. This wide difference in the growth 
curves of the females is the important factor governing the 3- to 5-gram 
span between yellows and browns in text-figure 2. The growth curves 
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TEXT-FIGURE 2.—Average weight curves of 100 yellow and 100 brown littermates 
of strain Y mice. 
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of Group I animals shown in text-figures 1 and 2 illustrate a pattern 
closely paralleling that found by Dickie and Wooley (8), who compared 
weights of F, hybrids. Only 11 of the yellow females in Group I weighed 
less than 30 gm. at their peak body weight, while 5 relatively small 
yellow males never weighed more than 26 gm. Health did not seem to be 
impaired by lack of excess fat deposition. 

At necropsy, it was observed that the fatter the animal (relative to its 
class weight) the more likely it was that pulmonary tumors would be 
found, in the group treated with the carcinogen. This may be seen in 
table 2. The mean weights at autopsy are not biased; they represent 
constant averages rather than sharp individual increases or decreases at 
or immediately prior to autopsy. In this table X*(;)=18.63, P<.01. 
These differences in weight were then plotted against the total number 
of tumor nodules found in each class as indicated in the curve in text- 
figure 3. For each class there was a real correlation between average 
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TEXT-FIGURE 3.—Relationship between total number of pulmonary tumor nodules 
and weight differences for tumor-bearing and non-tumor-bearing strain Y mice. 
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TABLE 2.—Mean weights, at autopsy, of tumor-bearing and non-tumor-bearing strain Y 
mice in Group II 





















































Females | Males 
Yellow Brown | Yellow | Brown 
slelelslElel]so/2121.5/21 2 
Zzlelolzla&icol[zi/alsol|2z2ials 
Tumor-bearing---- ----- 18} 72)29.9) 11) 44/23.0} 12) 40/25. 3\ 1 4/23. 0 
Non-tumor-bearing_ - --- 7| 28/23.6) 14) 56/20.5) 18) 60\24.0) 24) 96/22.6 
Differences of mean 
| RS eee foe 2 ae een ahs ees ei aie thet Ieeeic .4 





weight at autopsy and the total number of tumor nodules present. The 
total tumor-nodule count was greater for the fat animals than for the 
lean ones that were of the same genetic constitution and that were 


treated in the same way. 
SUMMARY 


A study of the incidence of pulmonary tumors was made of 305 highly 
inbred strain Y mice, 105 of which were injected with methylcholanthrene, 
and 200 untreated. The incidence of induced pulmonary tumors was 
significantly higher in the yellow mice than in their brown littermates. 
The increase in tumor susceptibility was found to be correlated with body 
weight. Fat yellow mice developed more tumors than did lean ones. 
The effect of the A’ gene upon obesity was of a temporary nature, and 
was much more pronounced in the females than in the males. 

Nephritis and amyloidosis were common in mice at 1 year of age. 
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COMPARATIVE STABILITY OF THE 
AGENT OF CHICKEN TUMOR I IN 
CITRATE AND PHOSPHATE BUFFERS 
AY a" C* 


W. Ray Bryan, Mary E. Maver, Joun B. Mo.Loney, 
MARGUERITE T. Woop, and Cart L. Waits, National 
Cancer Institute, National Institutes of Health, U. S. Public 
Health Service, Bethesda, Md. 


With an Appendix by Jerome Cornfield, National Cancer 
Institute, Bethesda, Md. 


INTRODUCTION 


Previous investigations (1) showed that borate ions were capable of 
lowering the biological activity of suspensions of the agent of chicken 
tumor I (Rous sarcoma) (2) at pH 7.5 and above, and, that alkaline 
borate buffers were unsuitable for use in controlling pH in quantitative 
investigations on the biological activity of this agent. The present inves- 
tigation was for the purpose of determining whether citrate ions are 
capable of influencing biological activity, and whether differences in 
potency would be observed between phosphate-buffer and citrate-buffer 
suspensions of the agent after incubation for 3 hours at 37° C. 


MATERIALS AND METHODS 


Except for the differences in buffers, the materials and methods were 
the same as those previously described in detail (1). Reference is there- 
fore made to the previous communication (1) for details not included 
herein. 

In each experiment, buffer of each type and pH was made up in 0.1- 
molar concentration and a sample thereof was added to an equal volume 
of aqueous tumor-agent suspension for the preparation of the buffer-agent 
suspensions. The latter were incubated for 3 hours at 37° C., after 
which they were chilled and samples were taken for bioassay. 

The relative potencies of all buffer-agent suspensions within the same 
experiment were determined by reference to a common standard which 
had been prepared from the same lot of aqueous tumor-agent suspension. 
The standard, or reference suspension, contained normal rabbit or horse 
serum as a stabilizing factor [see reference (1)] and was kept at refrigerator 
temperature (0°-8° C.) throughout the experiment. It served only as a 
stable point of reference for the bioassays and had no other relation to 
the buffer-agent suspensions under investigation. The bioassays were 
carried out as previously described (1, 3) except in experiment 4 in which 
a different type of balanced experimental design (4) was employed. 


1 Received for publication, May 25, 1950. 9 
26 
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All materials were diluted 4%» and oo with buffer-serum solution before 
being inoculated into test chickens. The buffer-serum solution was 0.05 M 
phosphate buffer of pH 7, to which normal rabbit or horse serum had 
been added in the amount of 2 percent, by volume. Regardless of the 
pH of the buffer-agent suspensions during the period of incubation, there- 
fore, the reaction of the diluted materials injected into chickens was 
approximately pH 7. 

Citrate buffers were prepared from citric acid and sodium hydroxide 
as described by Clark (5). Phosphate buffers of various pH were pre- 
pared by mixing appropriate quantities of monopotassium (KH,PQ,) and 
disodium (Na,HPO,12H,O) phosphate solutions. The molarity of all 
buffer solutions was 0.1, and the molarity of all buffer-agent suspensions 
was 0.05, with respect to buffer salts. 
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TEXT-FIGURE 1.—Relative potencies of tumor-agent suspensions in citrate and 
phosphate buffers of various hydrogen ion concentrations. 
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EXPERIMENTS AND RESULTS 


Four separate experiments were carried out in which the relative poten- 
cies of tumo1-agent suspensions in citrate buffers and in phosphate 
buffers were compared, at three or more hydrogen ion concentrations 
after having been incubated for 3 hours at 37° C. The pH levels investi- 
gated in the respective experiments, and the results are given in table 1. 

Analyses of the data of the individual experiments failed to reveal a 
significant systematic difference between results obtained with citrate- 
and with phosphate-buffer suspensions, although it was apparent that the 
latter showed more variation from experiment to experiment than did 
the former. This difference in variability is apparent in text-figure 1 in 
which the data of all experiments bave been plotted on a common graph. 
The plotted data also suggest that the mean potency for buffers of both 
types varied with pH, and that the means for phosphate buffers were 
slightly, but systematically lower than those for citrate buffers. 


TABLE 1.—The potencies of incubated suspensions of tumor agent in various buffers in 
relation to reference suspensions 























Biological activity relative to reference 
a ee on i S a 

ser Me] mann tame atc) |e | oem ema? 
37°C. | mcy | cent — 
A 1] Phosphate___.___- 4.5] 4.61| 0.465/40.417| 2o2{ +t 2 
" oe 5.0, 5.00] 1.065) +. 355, 11.6 |{ T1872 
3 TE Oe. 5.5) 5.62) 1. 882) +. 214) 76.3 4 +3 
- «|| 6.0 6.10] 1.870] +.241| 74.1 |{ +850 
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6 a 5.0) 5.31) 1.456) +. 277| 28.6 { +S 
. i 5.5] 5.85| 1.754] +. 214) 56.7 |{ +36? 
* Ti ee 6.0, 6.12} 1.793) +. 226 620 |{ +422 
2 1] Phosphate... ____- 4.5, 4.73, .600| +.647] a.os{ +132 
eee 5.0} 5.21 . 733) +. 523 5 ailf +s 
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e é 6.0, 612 1.461] +. 333] 2.9 |{ +334 
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TABLE 1.—The potencies of incubated suspensions of tumor agent in various buffers in 
relation to reference suspensions—Continued 











pH Biological activity relative to reference 
suspension 

Exper- | vf aterial * 

iment No. Type of buffer Of mix- ee 

_ . Ofadded ture after a yore Percent Guantent 

buffer 7 at) “tency ne ae potency! percent 
cn wae 
3 1| Phosphate-______- 6.0} 6.01 ast +.608} 19}{ +t] 
2 * .---------- 6.5| 6.55] 1.046) +. 331) 11.1 { +87 
3 M nan ennn----- 7.0| 7.02) 1.262) +. 253] 18.3 { ble 
4| Citrate. ......---- 6.0} 611] 1.455) +. 274] 28.5 { +3 
5 naan a nennne- 6.5) 6.61) 1.614) +. 285) 41.1 { += : 
6  n----------- 7.0} 7. 09| 11. 500)!+. 218/131. 6 { +e 
4) 1| Phosphate. ___._-- 5.0] 5.57) 1.551] +. 209) 35.6 { +75 8 

2 _. a 5.5] 5.59] 1.953) +. 219| 80.7 |{ +35? 
3  --22------- 6.0} 6.02} 1.751) +. 210) 56.4 { +3 
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6) Citrate. -.....---- 5.0| 5.00} 1.650] +. 190] 44.7 { + 
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9  ----------- 6.5| 6.59) 1.793) +. 183] 62.0 { +35 
10 * pecceeeccese 7.0| 7.10) 1.652] +. 184| 44.9 { +3 





























1 Bioassay curves for reference and buffer suspensions showed a departure from parallelism which was just 
significant at the 5 percent level. 


Because of the wide variation among repeated observations on phosphate 
buffers of the same pH, it was necessary to analyze the data statistically 
to determine the significance of the apparent differences and trends. 
The log-percent data of all experiments were therefore grouped, according 
to pH and buffer type, and an analysis of variance was carried out on the 
combined data, in the manner described by Snedecor (6) for unequal fre- 
quencies within subclasses. The results of the analysis of variance are 
summarized in table 2. 

The statistical analyses indicate conclusively that the results obtained 
with phosphate buffers were more variable than were those obtained with 
citrate buffers. The apparent association between potency and pH was not 
found to be definitely significant within the pH range 4.5-7.0, nor was 
the difference between average potency for phosphate- and citrate-buffer 
suspensions greater than the possible limits of chance variation; however, 
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in both of these statistical tests the variance ratio (table 2) showed a 
sufficiently close approach to the limiting value for the 5 percent level 
of significance to raise the question whether real differences may not be 
demonstrable with an increased amount of data or in experiments more 
efficiently designed for their detection. 


TABLE 2.—Summary of results of analysis of variance 











Comparison of varia- 
tion from different 
: | ur’ 
Source of variation yt hg Variance asad 
Compari- | Variance! 
con || aH 
A. Combined data: 
1. Between pH levels__________-_- eee 5 | 0. 4272 A,/As3 2. 34 
2. Between buffer types_______---_---- 1 . 4798 Ao/ Az 2. 63 
3. Within pH-buffer subgroups-____-_--_-- 22 Sg RS, NRE ee 
B. Phosphate-buffer data: 
1. Between pH subgroups---_--_--_-_---- 5 . 4312 B,/Be 1. 31 
2. Within pel subsrouns............... 11 . 3294 B,/C2 29. 37 
C. Citrate-buffer data: 
1. Between pH subgroups---_-_--__-_--- 5 . 0981 C,/C2 2. 79 
2. Within pH subgroups------ eae aie ode 11 EE Deicececanieeveunes 

















1 For tabled values of the variance ratio statistic (F) [see references 6 and 7]: F values not otherwise designated 
indicate that the variances did not differ significantly. 
3 Significant at the 1 percent level. 


As is illustrated by Jerome Cornfield in the appendix to this report, 
statistical methods are available which compensate for the unequal num- 
bers of observations at different levels of pH and allow additional informa- 
tion to be extracted from the data. Such methods are particularly valu- 
able in cases such as the present in which the major objectives of the 
study have been accomplished and in which further experimentation to fill 
in “missing values” for the purpose of further statistical analyses by sim- 
plified procedures would be costly, time consuming, and would, by tying 
up available animal-room space, delay other studies of greater immediate 
importance. 

The data show, decisively, that the results obtained with phosphate 
buffers were more variable from experiment to experiment than were those 
obtained with citrate buffers. It is therefore concluded that citrate buffers 
are preferable to phosphate buffers for controlling pH, within the range 
pH 4.5-7.0, in quantitative studies involving the biological activity of the 
agent of chicken tumor I. Since the observations had been paired so that 
all factors which could cause variation, or influence potency, had an equal 
chance of contributing to the results obtained with buffers of both types, 
it is apparent that the factors which caused the disparity of results must 
have been dependent upon the nature of the buffer ions. 


DISCUSSION 


The significantly greater variability of results obtained with phosphate 
buffers, in comparison with those obtained with citrate buffers, may be 
interpreted in the light of two different and opposing types of influences 
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of the buffer ions on the causative factors involved: 1) Phosphate ions 
may favor, or act directly to bring about the operation of factors, such as, 
for example, changes in physical state (e. g., aggregation) or chemical re- 
actions (e. g., autoxidation) which may be capable of altering potency. 
2) Citrate ions may in some way inhibit or counteract physical or chemical 
interactions which might otherwise progress and bring about alterations 
in potency. 

The influence of phosphate in the thermodynamics of biological systems, 
and the role of citrate in cell metabolism (8-11) suggest that the stability 
of the tumor agent may be affected by enzymatic processes. But evidence 
is lacking now which would either characterize the tumor agent as a metab- 
olizing unit whose potency depends upon essential enzymes, or support the 
view that contaminating enzymes affect the stability of the agent. Since 
potency may also be influenced by the degree of dispersion of the unit ac- 
tive particles, the effectiveness of citrate ions in dispersing colloidal par- 
ticles, both organic (12) and inorganic (13, 14) may be a factor contributing 
to greater reproducibility. Duryee (15) has shown that citrate is one of 
the least toxic anions for the nuclear components of cells. 


SUMMARY 


The relative potencies of suspensions of the agent of chicken tumor I 
(Rous sarcoma) in citrate and in phosphate buffers were compared at 
different levels of pH after incubation for 3 hours at 37° C. Within the 
pH range studied, 4.5-7.0, the results were more reproducible in citrate 
than in phosphate buffers. An Appendix on statistical analysis is in- 
cluded. 


APPENDIX 
By Jerome Cornfield 
FuRTHER ANALYSIS OF Bioassay Data 


The experimental data and statistical analysis in the main body of the 
paper have led to three conclusions: 

1. Phosphate buffer leads to significantly greater variation than 
citrate buffer. 

2. Within the range of pH covered potency does not vary signifi- 
cantly with pH for either buffer. 

3. The average potency level does not differ significantly as between 
the two buffers. 

Inspection of table 3, however, suggests that further examination of 
these data may be necessary. For both buffers the data suggest an effect 
of the number of experiments which appears to apply at all levels of pH. 
Thus for both buffers, experiment 1 appears to be consistently high and 
experiment 3 consistently low. But in experiment 1 the low but not the 
high pH’s have been covered, while in experiment 3 the converse is true. 
This suggests that the average for the low levels of pH may have been 
overestimated and that for the high levels of pH underestimated. 

If each of the four experiments had covered all 6 pH levels, the statistical 
analysis would have been simple and straightforward. Such an arrange- 
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ment was experimentally impractical, however, and in consequence a 
more involved technique is required to extract all the information con- 
tained in the results. This technique involves the fitting of constants by 
the method of least squares.2 Youden has given an example of the 
application of this technique to a problem in analytical chemistry which 
has several points of similarity to the present one.’ 


TABLE 3.—The potencies of incubated suspensions of tumor agent for different levels of 
pH in different experiments for citrate and phosphate buffers 




















pH 
4.5 | 5.0 | 5.5 | 6.0 | 6.5 | 7.0 
log percent potency 
Citrate 
Experiment 1_.-..--------| 1. 353 1. 456 1. 754 ie | aa ee 
Sere 1. 254 1. 729 1. 803 SE 
. SS) eat eae oeees 1. 455 1. 614 1. 500 
See 1.650 | 1. 333 1. 578 1. 793 1. 652 
Phosphate 
Experiment 1...........-.| 0 465 1. 065 1. 882 | eer eee 
Scans CO) Geese, SB Oe 1. 461 FE 
_ SPRRES EE: Soe AAR = 0. 268 1. 046 1. 262 
, SS Se 1. 551 1. 953 1. 751 1. 873 2. 390 
Citrate minus Phosphate 
Experiment 1............- 0.888 | 0.391 |—0. 128 |—0.077 |____-_-_-|-------- 
S.ncccccccnuws) GOS) GS 0. 821 0.342 | 0. 384 |__-_-__- 
ee See: eee Sryeeeeel 1.187 | 0. 568 0. 238 
| et ere! coeanaion 0.099 |—0. 620 |—0. 173 |—0. 080 | —0. 738 

















An application of this technique to the data of table 3 leads to the 
following conclusions: 

(a) For citrate buffer, variation between experiments is of the 
magnitude of bioassay error, while that for phosphate buffer is sig- 
nificantly above it (P<.01). 

(b) For both buffers, variation within an experiment between 
bioassay determinations is of the magnitude of bioassay error. 

(c) For both buffers, increases in pH result in a significant increase 
in potency (P<.01). 

(d) There is no significant difference in log potency between the 
buffers at any pH level or for all pH levels combined, but the depres- 
sing effect of lowered pH on potency is significantly larger for 
phosphate than for citrate buffer. 

In consequence, the first and third of the conclusions reached in the main 
body of the paper are confirmed, while the second is altered. The addi- 
tional conclusion is also reached that the excess variation occasioned by 





? Kendall, M. G.: Advanced Theory of Statistics. Second edition, 521 pp., London, C. Griffin & Co. Vol. 2, 
P. 229, ff. (1946). 

* Youden, W. J.: Statistics in Analytical Chemistry. In The Place of Statistical Methods in Biological and 
Chemical Experimentation. Ann. New York Acad. Sc. Vol. 52 (1950). 
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phosphate buffer occurs only between different experiments and not 
within the same experiment. 

In the course of the analysis it became apparent that the results for 
citrate buffer were showing significantly less variation than would be 
expected in view of the calculated bioassay error. This suggested that 
the bioassay error had been overestimated. In previous work using the 
formulas for bioassay error it had been recognized that they were simply 
“useful approximations” and that consideration of more exact statistical 
treatment was necessary.* For the purpose of the present analysis it 
became necessary to develop a more appropriate formula. Because of its 
usefulness in future assays of chicken tumor agent, this formula is given 
below. 

For the 44 Latin Square the standard error of M, the log potency 


92 2 
ratio is 5-[ 54+ ae =| and for the 2X2 Latin Square it is the same 
quantity multiplied by 2. 

b.=the average slope over m simultaneous assays; 

s’=the variance of a single observation; 

M=log potency ratio; 

s?=the average variance of a single observation over m simultaneous 

assays; 

m=the number of simultaneous assays; 

n=the number of chickens used per assay. 

Using this formula the average variance of the citrate log potencies is 
decreased from 0.0839 to 0.0709 and for phosphate from 0.1381 to 0.0818. 
The experimentally observed variation for citrate does not differ signifi- 
cantly from the corrected estimate of the bioassay variance. 
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ACTION OF BACTERIAL TOXINS ON TU- 
MORS. VIII. FACTORS IN THEIR USE 
FOR CANCER THERAPY !?% 


Pauut A. Zaunut, Haskins Laboratories, New York, N. Y. 


In earlier papers of this series [summarized and listed in (1)] the author 
and his associates concluded that the toxic component of the complete 
somatic antigen of almost all gram-negative bacteria may be characterized 
physiologically by one or all of the following effects on the mammalian 
system: 1) hemorrhage induction in implanted sarcomas; 2) interference 
with the homoiothermic system (i. e., hypothermia in rats, mice, and 
guinea pigs, and hyperthermia in rabbits and man); 3) vascular damage 
in decidua-placental tissues, often leading to embryo abortion or absorp- 
tion; 4) marked antigenic activity; 5) induction of leukopenia, hyper- 
glycemia, and adrenal cortical damage; and 6) general systemic toxicity. 

Certainly one of the most dramatic of these effects is the induction, by 
minute amounts of parenterally administered bacterial antigen, of hemor- 
rhage in implanted mouse sarcomas, although this effect is not wholly 
limited to bacterial toxins. Also, recently Youngner and Algire (2) have 
demonstrated that induced occlusion of vessels leading to a sarcoma 
implant will produce hemorrhage. 

This tumor-necrotizing effect has led some workers to hope that products 
of gram-negative bacteria or other materials of similar effect could be 
adapted for effective use in cancer therapy. Justification for this hope is 
founded mainly on the observation made in many laboratories that 
implanted sarcomas in mice treated with derivatives of gram-negative 
bacteria often, following the initial hemorrhage, undergo complete 
regression. 

If some kind of vascular damage is the sole medium of antigen action 
within the tumor, then it may reasonably be assumed that tumor regres- 
sion results from the effect of anoxia and other local tumor reactions to 
blood stasis; and that the effective use of bacterial antigens may well be 
limited to such vascularly sensitive sarcomas as commonly employed in 
experimental work. It is known that mammary carcinomas are relatively 

1 Received for publication, June 9, 1950. 

2 A debt is gratefully acknowledged to Dr. Chloe Tal, Fellow at the Rockefeller Institute for Medical Research, 
for her helpful interest in the work described in Section 3 of this paper; and to Dr. M. J, Shear of the National 
Cancer Institute for kindly supplying the P-25 polysaccharide used in these experiments. 

3 The work reported in this paper was supported in part by grants from the U. S. Public Health Service on 


recommendation of the National Advisory Cancer Council. Grateful acknowledgment for technical assistance 
is made to Andrew Nowak, Jr. 
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resistant to hemorrhage-induction, either by bacterial products or vascular 
occlusion (2). Hemorrhage therapy, furthermore, would not be expected 
to be effective against small nonvascularized metastases or the distal ends 
of infiltrating strands. 

Consequently, whether the antigens of gram-negative bacteria are 
solely hemorrhagic in their action, or whether in addition they exert a 
toxic effect directly on malignant cells, is a question of some practical 
importance. Regarding the latter possibility, Diller (3) has reported that 
certain cytological changes may be observed within tumors of mice re- 
ceiving antigen (Shear polysaccharide) treatment. The fact that these 
changes may be observed before the onset of detectable stasis or hemor- 
rhage suggests the possibility of factors other than anoxia being operative. 

If it is true that the tumor-necrotizing antigen is directly toxic to 
malignant cells, then hope for its use in cancer therapy would seem to be 
far more auspicious than if based solely on vascular toxicity. 

An effort to shed additional light on this subject motivated the experi- 
ments described in the following section. In the second section of this 
paper the shock syndrome seeming often to result from tumor hemorrhage 
is considered, followed in the last section by a discussion of the feasibility 
of fractionating the antigen in order to separate the lethal from the 
hemorrhage-inducing factor. 


1. BactertaL DERIVATIVES APPLIED TO Tumor CELLs in Vitro 


Uniform suspensions (ten million tumor cells per milliliter) were pre- 
pared from 7-day old implants of mouse Sarcoma 180, using maceration 
and dilution techniques described earlier (4). Two-milliliter volumes of 
such suspensions were pipetted into 15-ml. tapered centrifuge tubes. 
Amounts of bacterial antigen were added to the cell suspensions, yielding 
concentrations of from 0.1 mg. to 3.0 mg. per ml. The tubes were fitted 
into an apparatus designed to rotate each tube through a 6-cm. radius 
every 2 seconds (5) ; and the apparatus and tubes were kept in an incubator 
at 36° C. The cell suspension-antigen mixtures, thus rolling slowly 
within their vessels, were incubated for a 60-minute period, at the end of 
which 0.2-ml. volumes (each containing 210° tumor cells) were drawn 
out of the tubes and inoculated subcutaneously into mice in the usual 
site for axillary implantation. 

The mice so inoculated had previously been immunized against the 
antigen preparation being tested. Such immunization was essential to 
the experiment in order to protect the mice against the general toxic 
effects of the antigen contained in the inoculated cell suspension. In 
nonimmunized mice subcutaneous inoculations of cell suspensions—con- 
taining antigen in the relatively high concentrations used—were, if not 
lethal, at least highly toxic, causing severe illness as well as local petechiae 
and later scabbing at the site of inoculation. From preliminary tests it 
was learned that these reactions prevented normal implantation and 
growth of the tumor cell inocula. No such reactions were encountered 
in the immunized mice. Immunization was induced by subcutaneous 
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antigen injections on the Ist and 5th day of a 10-day period, the first 
injected dose being 0.5 LDso, the second 1.0 LD». 

Rockland Swiss male mice of 20-22 gm. were used throughout the 
experiment. At the end of a 7-day period, the growths resulting from 
the cell inocula were dissected out and wet-weighed. Their weight at 
this time—as compared to that of control growths resulting from inocula 
of cell suspension not treated with antigen—was presumed to reflect the 
effect of the antigen on the suspended tumor cells during the pre-inocula- 
tion treatment. Five mice were used for each assay, and each experiment 
was repeated three times. 

Bacterial antigen materials from three different sources were tested in 
the above manner. The first was an acetone-precipitated product derived 
from cultures of Salmonella typhimurium, according to the method de- 
scribed in (6). The active component of this relatively unpurified ma- 
terial presumably was the complete antigen, 7. e., the undegraded phos- 
pholipid-polysaccharide-protein complex. The LD; was about 1.5 mg., 
and the HDs about 5.0 ug. The second antigen tested, derived from 
cultures of Type Z Shigella paradysenteriae (Flexner), is described in 
Section 3. The third antigen, derived from cultures of Serratia marcescens, 
is also described in Section 3. These materials were selected for assay 
because they originated from divergent gram-negative bacterial types, 
and because each possessed high toxicity regarding mouse lethality and 
sarcoma hemorrhagicity. The availability of the Serratia material was 
particularly fortunate in this connection because it was identical with, or 
similar to, that used by Diller (3) in her observations of cytotoxic effects 
in mouse tumors. 

The results of the experiment are summarized in text-figure 1. It is 
evident that the antigens tested did not reduce the growth potency of 
the tumor cells, even when single inocula contained in the order of 1 LD5o. 
This finding is consistent with an earlier report that the Serratia antigen, 
when added to a hanging-drop culture of Sarcoma 37, failed to induce 
observable changes in the cells (7). These hanging-drop tumor cells 
were, however, not implanted into mice to determine whether their 
growth potency had been reduced. 

One concludes from the data indicated in text-figure 1 that at least 
certain gram-negative bacterial antigens, even in relatively high con- 
centration, do not exert toxic effects on sarcoma cells held in aqueous 
suspension. 


2. Tue Spock Factor 1n Tumor THERAPY WITH HEMORRHAGE-INDUCING TOXINS 


A number of workers studying the hemorrhagic effect of bacterial 
antigens on implanted tumors have observed that mice bearing large 
sarcomas appear to be more sensitive to the lethal action of these antigens 
than are non-tumor-bearing animals. It has been suggested or implied 
that such heightened action is due to toxic products released into the 
system by the damaged tumor tissue, and whose effect when added to 
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TExt-FIGURE 1.—Growth of tumor-cell inocula pre-treated in various concentrations of 
gram-negalive antigens. On horizontal axis are indicated the concentrations, per 
ml. of cell suspension, of the various antigenic materials tested; vertical axis indicates 
weight of wet tumor at the end of 7 days. Each point on the graph represents the 
mean of one five-animal experiment. Scatter of individual weight determinations 
was omitted because it was not dissimilar to that described in (4). COw—no antigen 
treatment; ®—cells treated with Serratia material; @—cells treated with Shigella 
material; @—cells treated with Salmonella material. 


the toxicity of the injected antigen, sets up a shock-toxemia which may 
be lethal (8, 9). This type of presumptive shock could be a considerable 
factor in the use of hemorrhage-inducing materials for cancer therapy. 
Experiments were therefore designed to shed light on the possibility that 
a tumor in hemorrhage contributes to the systemic toxemia syndrome. 

Surgical techniques were devised for removing a subcutaneously im- 
planted 8-day-old Sarcoma 180 without killing the host. After epilation 
and during nembutal anesthesia, a skin incision was arced half-way around 
the tumor on its medial side. The skin with the tumor attached was 
teased away from the abdominal wall. However, before completing the 
disjunction, a bunch ligature was made at the axial angle of the tumor so 
as to tie off the principal superficial blood vessels leading to the tumor. 
The connective tissue and skin were then cut away below the knot, and 
the remainder of the tumor and skin teased and excised from the abdomi- 
nal wall. When this was complete, a circular skinless area about 15 mm. 
in diameter was exposed. Since mouse skin is very elastic, this area was 
easily covered by stitching together the lateral skin edges. 

With some practice the operation could be performed on large groups 
of mice, with a 48-hour recovery of about 80 percent of the animals. Addi- 
tional deaths sometimes occurred later, due to infection and other com- 
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plications; but a 48-hour recovery was sufficient for the purposes of the 
experiment, for death resulting from the presumptive tumor-hemorrhage 
shock invariably occurs within the first 24 hours after hemorrhage 
induction. 

Repeated experiments were conducted as follows. Two groups of mice 
were used, one bearing 8-day old sarcomas, the other normal. The 
mice of both groups were given intraperitoneal injections of 0.3 LD» of 
the antigen (only Shear P-25 polysaccharide was used in this experiment). 
Immediately after the injection, tumor-extirpation was performed on some 
of the mice; on others of the group, the operation was performed 2 to 
3 hours after injection, as first signs of tumor hemorrhage were appear- 
ing. Summated survival data on such mice are recorded in table 1. It 
seems clear from these data that the presence within the body of a hem- 
orrhagic tumor is associated with a heightened toxic effect of the antigen. 
This suggests the possibility that the hemorrhagic tumor tissue releases 
toxemic products whose systemic effects, superimposed on the general but 
sublethal toxicity of the injected antigen, are sufficient to cause death. It 
is to be pointed out, on the other hand, that the results of this experiment 
do not categorically rule out the possibility that a sarcomatous mouse 
may for unknown additional reasons be systemically more sensitive to an 
injected poison of the antigen type than is the normal organism. 


TABLE 1.—Effect of tumor extirpation on the survival of mice receiving a large but normally 
sublethal dose of antigen 




















Total number of | Percent alive at 
mice observed | end of 48 hours 

Normal mice receiving 0.3 LDs of antigen__.---------- 18 100 
Tumor-bearing mice receiving 0.3 LD of antigen - -- - - - 20 15 
Tumor-bearing mice receiving 0.3 LDs of antigen, fol- 

lowed immediately by tumor-extirpation (1. e., before 

=e eee 21 71 
Tumor-bearing mice receiving 0.3 LD of antigen, fol- 

lowed 2-3 hours later by tumor-extirpation (7. e., after 

ee ee 15 80 














3. ARE THE LETHAL AND HEMORRHAGE-INDUCING Factors DiscrRETE? 


A hope that the complete antigen may be split or degraded so that a 
fraction can be extracted which is potent in tumor-hemorrhagicity but 
inactive as regards other toxic properties associated with the complete 
antigen, has spurred workers seeking to apply antigen-induced hemorrhage 
in cancer therapy. 

It has been supposed for some time that the bulk of the toxicity of 
most gram-negative bacteria lies in their somatic antigen. Numerous 
attempts have been made to correlate the chemistry of the antigen or its 
component groups with their diverse physiological effects. Boivin and 
Mesrobeanu considered the antigen to be composed of an immunologically 
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specific polysaccharide and a relatively inert phx spholipid which, however, 
when separated lost all antigenic activity (10). Morgan and Partridge 
(11) and Partridge and Morgan (1/2) identified a protein component as 
the carrier of antigenicity for the entire complex, but they were unable to 
identify the site of toxicity within the phospholipid-polysaccharide- 
protein complex. Hartwell, Shear, and Adams reported that the tumor 
hemorrhage-inducing factor of Serratia marcescens, a typical Boivin-type 
gram-negative bacterium, is associated with a polysaccharide fraction 
containing 2.2 percent nitrogen and 1.1 percent phosphorus (13); and 
this material has subsequently come to be known as the Shear tumor- 
necrotizing polysaccharide. Goebel, Perlman, and Binkley in a study of 
the antigens of Shigella stated: “On degradation of the antigen the tox- 
icity remains associated with the protein or with the carbohydrate haptene, 
depending on the method employed” (14). 

In a recent searching study of the toxic and antigenic properties of 
fractions derived from the complete antigen of Shigella dysenteriae, Tal 
and Olitzki (15) have concluded: ‘The lethal effect, the decrease in liver 
glycogen, the decrease in ascorbic acid in the adrenals, and the hemor- 
rhagic reactions are closely associated with the presence of the phosphorus 
complex attached to the protein.” They concluded further that non- 
phosphorus-bearing fractions (i. e., the polysaccharide, the phospholipid, 
and the simple protein) are inactive in these respects. 

It seemed to us of value to test in respect to their relative toxicity in 
(a) producing death in mice, and (b) inducing hemorrhage in implanted 
sarcomas, one preparation containing undegraded somatic antigen com- 
plex and three containing the antigen in various degrees of degradation. 
The object was to shed additional light on the question of whether these 
two types of toxicity—lethality and hemorrhagicity—result from the 
action of discrete chemical entities. 

The materials chosen for this study are described briefly as follows: 

Substance I was the whole somatic complex of Type Z Shigella para- 
dysenteriae, prepared by the use of a pyridine extraction method (described 
in 16), and supplied by Dr. Chloe Tal of the Rockefeller Institute for 
Medical Research. 

Substance II was a recent preparation (P-25) of the Shear tumor- 
necrotizing polysaccharide, prepared and supplied by Dr. M. J. Shear of 
the National Cancer Institute. This material was derived from the cell 
bodies of week-old cultures of Serratia marcescens, using methods previously 
published (17, 18). 

Substance ITI was derived by subjecting Substance I to pancreatin diges- 
tion at 36° C. for 6 days, the while being dialyzed against buffer at pH 8, 
followed by hydrolysis at 100° C. in 1 percent acetic acid for 1 hour. 
According to Tal and Goebel (19), this treatment results in (a) the removal 
of most of the protein, and (b) the splitting of about 40 percent of the 


organically bound phosphorus into a dialysable form which is still in 
organic combination. 
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Substance IV was derived by subjecting Substance I to drastic hydroly- 
sis. The antigen was dissolved in 0.36 M trichloracetic acid in a concen- 
tration of 10 mg. per ml. The solution was kept at 90° C. for 30 minutes, 
neutralized to pH 7.6, dialyzed, and dried from the frozen state. The 
assumption is that this action is similar to that used in the preparation of 
Substance III, except that hot trichloracetic acid hydrolysis induces more 
extensive dissociation. 

Lethality was measured by intraperitoneal injection of the various anti- 
gens in aqueous solution into Rockland Swiss female mice weighing 20-22 
gm. The amount required to kill 50 percent of the mice within 48 hours 
was designated as one LDs. Hemorrhagic potency was assayed by intra- 
peritoneal injection of the toxic material in aqueous solution into female 
mice bearing 7-day old implants of Sarcoma 180. The amount necessary 
to produce slight to marked tumor hemorrhage in approximately 50 percent 
of the animals tested was designated as one HD». 

It is to be pointed out that while a precise assay of minimum lethal dose 
is not difficult (e. g., the injected animal dies or does not), determination 
of the exact minimum hemorrhage dose involves a considerable subjective 
factor. In proceeding downward through a dosage series, the point at 
which the effect becomes inapparent is not precise. For example, in an 
assay group of 10 tumor-bearing mice, if 1 tumor exhibits marked hemor- 
rhage, 3 medium hemorrhage, 2 slight hemorrhage, and 4 no hemorrhage, 
it is presumed that the extinction point in dosage is being approached. 
Yet when the dose is reduced by, say, a factor of 10, several mice of a group 
of 10 may still show discernible hemorrhage. This variation in response 
is probably due to individual differences in susceptibility among the host 
mice resulting from varying tumor structure of vascularization, or from 
immunities set up earlier in the life of the mouse. Therefore, indicated 
in table 2 is the dosage range over which about half the mice of any 
group failed to show tumor hemorrhage; and the average of this range 
is construed as the approximate minimal hemorrhagic dose. 

The data presented in table 2 show that the four materials tested 
exhibit marked differences in potency as regards both lethality and tumor- 
hemorrhagicity. These differences may well reflect the degree or amount 
of dissociation or degradation of the antigen complex. The low potency 
of Substance IV in producing death and tumor hemorrhage could corre- 
spond with the small amount of unaltered antigen residual after drastic 
hydrolysis. Conversely, the high toxicity of Substance I and the inter- 
mediate toxicity of Substance III could indicate the presence of greater 
amounts of bound antigen per-unit weight of injected material. The 
relatively high degree of activity exhibited by the Shear preparation (Sub- 
stance II) could suggest that nitrogen- and phosphorus-bearing groups are 
still associated, thus giving.the polysaccharide—declared by Tal and 
Olitzki (15) as inactive when fully dissociated—its potency. 
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TABLE 2.—Minimum lethal and minimum tumor-hemorrhage doses of four antigenic 


























preparations* 
- r A . Tati 
Substance | mJ es HDs microg. ym tang between MHD 
i | | 
Ij} 500} 41 | 0.1 to 1.0 Av.—0.5_..----------- | 40 | 1:1,000 
||} 850] 47 | 0.1 to 1.0 Av.—O.5__..---------- | 40 | 1:1,700 
II || 2,500} 45 | 0.5 to 1.5 Av.—1.0__...------_--- | 40 | 1:2,500 








IV | 10,000 | 10 | 5.0 to 15.0 Av.—10.0___________- | 40 | 1:1,000 





*See text, sec. 3, for origin and characteristics of preparations tested, as well as for description of assay methods. 


It will be noted in table 2 that the MHD:MLD ratios of the various 
materials, although not identical, are in the same narrow order of mag- 
nitude. This suggests the possibility that these differences may be due 
to variations inherent to the assay method, and are perhaps therefore not 
significant. Working with Salmonella choleraesuis we proposed earlier (1) 
that the following formula could be applied to describe the relationship 
between lethality and hemorrhagicity of rough and smooth strains: 


MLD (Rough) MHD (Rough) 
MLD (Smooth) MHD (Smooth) 





If, as suggested, the MHD:MLD ratios in table 2 are essentially iden- 
tical, then it is perhaps permissible to describe the relationship between 
lethality and tumor hemorrhagicity of the four antigen preparations tested, 
in the following terms: 


MLD (Antigen X) _MHD (Antigen X) 
MLD (Antigen Y) MHD (Antigen Y) 











Such a relationship, if valid, would seem to add support to our earlier 
suggestion (1) that lethality and tumor hemorrhagicity are but high- and 
low-dosage manifestations of a single toxic factor. 


SUMMARY AND CONCLUSIONS 


(1) Somatic antigens derived from three genera of gram-negative bac- 
teria, although highly toxic in vivo as regards mouse lethality and tumor 
hemorrhagicity, are without effect in reducing the growth potency of 
sarcoma-cell suspensions, when applied in vitro. 

It is suggested that the toxic action of such antigens on experimental 
sarcomas in vivo is via some type of local vascular interference, the overt 
manifestation of which is hemorrhage. During the prehemorrhagic period 
following antigen injection, intra-tumoral events begin which undoubtedly 
affect some of the tumor cells, especially those in kinesis (3); but no 
evidence is known to the writer indicating that these cytotoxic effects are 
caused by the antigen per se. 
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(2) When a large but normally sublethal dose of antigen is injected into 
a mouse bearing a well-grown sarcoma, death usually ensues. Experi- 
ments described suggest that this lethal effect may be contributed to by 
the superimposition on antigen toxicity of toxemic elements released 
systemically by the hemorrhagic-necrotic tumor. 

(3) The somatic antigens of most gram-negative bacteria are known to 
comprise phospholipid-polysaccharide-protein complexes. When these 
complexes are split or degraded by digestion or hydrolysis, their activity 
in terms of mouse lethality and tumor-hemorrhagicity appears to lessen 
in proportion to the degree of degradation. Furthermore, lethality and 
tumor-hemorrhagicity decrease proportionately to each other, suggesting 
the possibility that they are high- and low-dosage effects of the same toxic 
factor. 
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THE PARTITION OF RADICPHOSPHORUS 
(P*) IN BLOOD, URINE, AND TUMOR 
TISSUE IN PATIENTS WITH HODGKIN’S 
DISEASE AND LYMPHOSARCOMA BE- 
FORE AND AFTER TREATMENT WITH 
NITROGEN MUSTARD [METHYL BIS 
(BETA-CHLOROETHYL) AMINE}! 


S. P. Masovurents,? B. V. A. Low-Brsr, H. R. Brerman, 
L. S. CHerney, and M. B. Suimxkin, Laboratory 
of Experimental Oncology, National Cancer Institute, 
National Institutes of Health, U. S. Public Health Service, 
and the Departments of Medicine, Radiology, and Surgery, 
University of California School of Medicine, San Francisco, 
Calif. 


In recent years chemotherapy is assuming an increasingly important 
role in the management of cancer. The present study was undertaken 
in the belief that alterations of cellular activity, produced by chemothera- 
peutic agents, would lead to changes in the distribution of radiophos- 
phorus that could be quantitated. 

The plan of the experiment was to determine the concentration of radio- 
phosphorus in (a) tumor tissue, (b) anatomically comparable nontumor 
tissue, (c) plasma, and (d) urinary excretion before and after treatment 
with nitrogen mustard.? The surface counting technique described by 
Low-Beer (1) was used for the determination of tissue activity. 


MATERIALS AND METHODS 


Thirteen patients were studied but complete data were obtained on 
only 6 patients. All 6 patients had previously received HN2 or X-ray 
therapy, or both. Clinical response was evaluated by (a) regression of 
tumor masses, (b) remission of fever, and (c) increased well-being of the 
patient (table 1). If all these criteria were satisfied for a period of a month 
or more the response was considered “good.” Failure to do so was re- 
corded as “poor.” 


1 Received for publication, June 12, 1950, 
2? This work was done during the tenure of an Atomic Energy Commission Postdoctoral Fellowship in the 


Medical Sciences of the National Research Council. The Author is indebted to Dr. J. G. Hamilton for his advice 
and encouragement during the course of this work. 


3 Methyl-bis (beta-chloroethyl) amine HCl, kindly furnished by Merck and Company, Rahway, New Jersey. 
Hereinafter referred to as HN2. 
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Each patient received parenteral radiophosphorus‘ before treatment 
with HN2 and about 1 hour following HN2. Approximately 300 micro- 
curies of radiophosphorus were used in the form of Na,HPO, buffered at 
pH 7.4 in isotonic saline. This solution contained about 1-2 mg. of 
carrier Na,HPO,. The syringe containing radiophosphorus was weighed 
before and after injection to determine the volume of P* containing 
solution administered to the patient (table 2). The volume of P® and the 
amount of carrier phosphorus received by each patient before and after 
HN2 therapy were essentially the same (table 2). For each dose a 
standard was prepared and counted with all subsequent determinations 
of radiophosphorus to obviate the correction for physical decay and for 
varying efficiency of the counter. 

Surface counting was done with a lead-shielded (1.25 cm. thick) Victo- 
reen-type Geiger-Muller end window-counting tube (window thickness 
2.2 mg./em.”) mounted on a dental X-ray stand. A Tracerlab Autoscaler 
was used in all determinations. The window diameter of the counting 
tube was 2.8 cm. and the window-to-tissue distance was 0.5 cm. Each 
area was counted for 1,024 counts in duplicate after repositioning of the 
counter tube. All counts were greater than ten times background. 
Because of differences in geometry, back-scatter, and window-sample 
distance, it was not feasible to compare the dose counting-rate to the 
tissue activity obtained by surface counting. Consequently, no attempt 
was made to convert the activity to percent of dose. 

Superficial nodes in the neck area were found to be the most accessible 
and easily positioned with the counter tube (table 2). The same area 
of tissue was counted for the pre- and post-treatment curves. To deter- 
mine the incorporation of activity from the second dose of P**, the activity 
(counts per second) remaining from the first P*? dose in the area counted 
was subtracted from the readings obtained after the administration of the 
second dose of radiophosphorus. The same number of counts were 
subtracted from all the post-treatment values, since the activity remaining 
from the first dose can be considered constant during the first 3 hours 
after the second P* administration. Similar corrections were made for 
the urinary excretion and the blood radiophosphorus concentrations data. 

About 10 ml. of venous blood was withdrawn and oxalated; of this, 
1 ml. of plasma was used for determining radiophosphorus concentration. 
In three patients, Nos. 4, 5, and 6, blood was withdrawn during the first 
4 hours after administration of P®. In the other group of patients, Nos. 
1, 2, and 3, samples of blood were withdrawn by venipuncture about 30 
minutes after radiophosphorus administration and then at approximately 
hourly intervals (text-fig. 1). The concentration of radiophosphorus in 
plasma was expressed as percent of the radiophosphorus administered in 
the plasma of one liter of whole blood. 

* Radiophosphorus, P*?, was obtained from the Isotope Division of the Atomic Energy Commission, Oak Ridge, 
Tennessee. 
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TEXT-FIGURE 1.—Concentration-time course of radiophosphorus in plasma. 


Urine specimens were obtained on some patients during the first day 
at 4, 8, and 12 hours after administration of the radiophosphorus. On 
subsequent days, the 24-hour-urine output was pooled and an aliquot 
was counted. 

Blood and urine samples were pipetted into brass bottle caps (4.0-cm. 
diameter) for determination of radioactivity. The samples were dried 
on a hot plate at 70° C., and counted with a thin mica end-window (1.9 
mg./em.”) Geiger-Muller tube. The blood and plasma sample readings 
were corrected for background and self-absorption. 


RESULTS 


Curves relating the variation of activity (counts per second) to time 
in tumor and nontumor tissue obtained in six patients before and after 
receiving nitrogen mustard are presented in text-figures 2 and 3. 

The curves are triphasic in nature, with a rapid initial rise in activity, 
followed by a rapid fall and then a gradual decrease of activity. 

In patients Nos. 1, 2, and 3, the nature of the uptake curve after HN2 
is significantly altered, whereas in patients Nos. 4, 5, and 6 the uptake 
curves after HN2 are essentially the same. An approximate rate of tissue 
appearance of radiophosphorus was graphically determined from the 
initial portion of the concentration-time curves. The slope was deter- 
mined by dividing the maximum activity attained by the time in which 
this occurred (table 3). In patients Nos. 1, 2, and 3 the over-all rate 
was reduced from one-tenth to one-fifth of the pre-treatment rate. In 
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patients Nos. 4 and 6 there was no reduction in the rate of uptake, and 
in patient No. 5 a reduction to one-half of the original rate was observed 
(table 3). 


TABLE 3.—Rate P® incorporation in tumor tissue 











Max. activity * Time to reach * Average slope cnts. per 
ents./sec. maximum sec./mins. 
Subject number 

Before After Before After Before After 

HN2 HN2 HN2 HN2 HN2 HN2 
epee eens: Wee ee aa 0. 96 
Sa 74 31 9 35 8.2 0. 90 
_ See 70 45 12 50 5. 8 0. 90 
SEP eRe? 123 91 8 12 15. 4 8. 2 
See 80 81 10 12 8.0 6. 8 
See ee 93 93 12 12 7.8 7.8 























*Values obtained graphically. 


The uptake curves on the contralateral non-tumor-bearing areas are 
essentially the same as the curves obtained over the tumor tissue, although 
the activity in the control area is consistently lower than the tumor area. 

The rate of urinary excretion of radiophosphorus was similar to pre- 
viously published data (2). The data on urinary excretion of radio- 
phosphorus were plotted so that at each experimental point the total 
amount of P*® excreted since administration was indicated (text-fig. 4). 
It can be seen that there was rapid excretion during the first 48 hours and, 
subsequently, a relatively constant amount of P® was excreted daily. 
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In patients Nos. 1, 2, and 3 the amount of P* excreted in the first 24 
hours after treatment was greatly increased as compared to the pre- 
treatment rate of excretion, whereas in patients Nos. 4, 5, and 6 the 
rate of excretion in the few first hours after injection of P*? was the same 
or less than the pre-treatment rate of excretion. Urine analyses and 
blood NPN determinations were normal in all patients. 

The concentration-time relationships of radiophosphorus in the plasma 
of the patients studied are presented in text-figure 1. The maxi- 
mum activity in the plasma was attained within 2 minutes. Subsequently, 
the concentration of radiophosphorus dropped rapidly and after 2 to 5 
hours decreased at a slow rate. The radiophosphorus concentrations in 
the plasma on all six patients studied were identical within experimental 
variation before and after HN2 therapy. 


DISCUSSION 


The surface counting method using a pure beta emitter is subject to 
several limitations. Aside from instrumental errors, the limited tissue 
range of beta particles perhaps constitutes the most important limitation. 
The beta particles of P*? have a maximum range of about 7-8 mm. in 
tissues (3). Consequently, only superficial nodes are suitable for study 
by the surface counting technique. 

Radiophosphorus is diluted in the circulating blood volume within a 
few seconds (4). The maximum activity in the plasma occurred within 
1 to 2 minutes, whereas the maximum activity in tissue as determined 
by surface counting occurred 10 to 60 minutes after intravenous adminis- 
tration of P*. Consequently, the activity measured by surface counting 
probably represents tissue activity and not activity in the circulating 
blood. 

To determine what fraction of the tissue activity is intracellular in 
the first hour after intravenous administration of P*, a lymph-node 
biopsy was obtained on an untreated patient with lymphosarcoma. 
The biopsy was obtained at the time of maximum activity in the tissue, 
18 minutes after P*® administration, as determined by surface counting 
of a lymph node outside the operative field. The tissues obtained were 
fractionated for phosphorus compounds using the method described by 
Schneider (5). The data on the tissues, plasma, and urine are presented 
in table 4. 

Practically all the activity at 18 minutes was found in the acid soluble 
fraction. The activity in the control plasma represents radiophosphorus 
remaining from a previous study done 3% months before the study re- 
ported above. The presence of activity in the phospholipid and phos- 
phoprotein fraction within 18 minutes strongly suggests the appearance 
of P® within the cell. However, the counting rate of these fractions 
was too close to background to permit a reliable evaluation of the data. 





TABLE 4.—Specific activity of tissue fractions, plasma, and urine 
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The following calculations were made to partition the activity within 
the acid soluble fraction between extracellular and intracellular phos- 
phorus. Extracellular space has been reported as constituting 15-20 
percent by weight of muscle (6). For purposes of calculation we have 
therefore assumed that 30 percent of lymph-node tissue is extracellular, 
and if for a first approximation extracellular fluid represents an ultrafiltrate 
of plasma (7), the extracellular phosphorus of 1 gm. of lymph tissue is 
given as 0.3X0.0395=0.012 mg. phosphorus. If all the activity in the 
acid-soluble-phosphorus fraction was associated with the extracellular 
phosphorus, this would give a specific activity of 36.8/0.012=3068 x 10-* 
percent dose per milligram phosphorus. The specific activity of plasma 
at 16 minutes is less than a third of this value (table 4). Consequently, 
the total activity in the acid-soluble-phosphorus fraction cannot be 
associated with the extracellular phosphorus alone, but must also be 
found in the intracellular phosphorus. It can be calculated that about 
70 percent of the activity of the acid-soluble-phosphorus fraction is intra- 
cellular (table 4). It is also obvious from the above data that the surface 
counting curves obtained in this study are only related to changes in the 
turn-over of acid-soluble-phosphorus compounds. 

The saline wash of the node was performed by placing slices in 50 ml. of 
physiological saline for 24 hours at 7° C. in the refrigerator. At the end 
of this time 43 percent of the acid-soluble-phosphorus fraction and 100 
percent of the P* was recovered in the saline wash. Subtracting the 
contribution of extracellular P* from the P® recovered in the saline wash, 
calculations show that all the intracellular P® is associated with about 
40 percent of the intracellular acid-soluble-phosphorus fraction 18 minutes 
after P®? administration. 

The contribution of muscle to the total tissue activity is about one-half 
that of lymph node, gram for gram, at 18 minutes (table 4). 

Intracellular activity appears to make a significant contribution to 
tissue activity, the extent depending primarily on the depth of the node 
from the skin and the nature of the intervening tissues. Whether the 
decreased rate of appearance of P® in the tissues of patients No. 1, 2, and 
3 after HN2 is a direct cellular effect on the turnover of the acid-soluble- 
phosphorus fraction, or whether it is secondary to the widespread changes 
in extracellular and intracellular spaces and renal reabsorption of electro- 
lytes described by Philips and co-workers (8), must await further studies. 

A qualitative representation of the partition of P® before and after 
HN2 is presented in text-figure 6. In patient No. 1, who received a good 
response to HN2, the rate of urinary excretion of P® after HN2 was 
greatly increased. As a result, the tissues retained less P® after treat- 
ment. This, we believe, is related to the decreased rate of tissue incor- 
poration of P*? obtained by surface counting. However, the activity re- 
maining in the tissue as determined by surface counting 1 hour after HN2 
is the same as the pretreatment value in all patients. This can be ac- 
counted for by the fact that the mass of tissue counted is less than a gram, 
and a small undetected change in this one gram when multiplied by 70,000 
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for a 70-kg. man can readily account for the difference in urinary excretion. 
In patient No. 4, who had a poor clinical response to HN2, there was no 
detectable change in the rate of urinary excretion of P® (text-fig. 5). 

Marked changes in P* distribution after HN2 have been found in only 
4 of the 13 patients studied. The remaining patients have shown no 
change or only slight changes difficult to quantitate reliably. In all cases, 
however, the P® data have been confirmed by the subsequent clinical 
course of the patient. 

In the three patients who demonstrated a decreased rate of incorpora- 
tion of P®? and an increased rate of P® excretion, there was a good clinical 
response to HN2, whereas in three patients showing no change in the post- 
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Trext-FIGURE 5.—Partition of radiophosphorus before and after nitrogen mustard 
therapy. The difference between the quantity of P*® in the plasma and the quantity 
of P®? excreted is designated as tissues. Case 1 clinically responded well to HN2, 
case 4 received no benefit from HN2. 
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treatment curve, the clinical response to therapy was poor. This, as well 
as the finding that nontumor tissue responds to the same extent as tumor 
tissue, would suggest, for the specific interval of study covered by this 
investigation, that the response to HN2 is possibly related to some 
generalized effect upon the organism as well as upon the neoplasm, rather 
than being a specific effect limited to neoplastic tissue. 


SUMMARY 


The partition of tracer doses of radiophosphorus (300 microcuries) in 
tumor tissue, blood, and urine of patients with lymphosarcoma and Hodg- 
kin’s disease has been followed before and after nitrogen mustard. The 
radiophosphorus concentration-time curve over tumor and non-tumor 
tissue, as determined by surface counting, was triphasic in nature; a 
rapid rise of activity, followed by rapid decline and a leveling off of 
activity which then subsequently declined at a very slow rate over a 
period of days. These changes in activity occurred during the first 60 
minutes after intravenous injection of the radiophosphorus. In three of 
the six patients showing a good clinical response to the nitrogen mustard 
therapy, both the tumor and nontumor tissue took up the radiophos- 
phorus at a slower rate after nitrogen mustard, and during this interval 
the urinary excretion of radiophosphorus was greatly increased, the 
plasma level of radiophosphorus remaining essentially the same during 
the pre- and post-treatment determinations. In the remaining three 
patients studied, who did not respond clinically to HN2, the uptake 
curves in tumor and nontumor tissue and the urinary excretion of P® 
after HN2 were the same as during the pretreatment period. 
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SEROLOGIC PROPERTIES OF MITO- 
CHONDRIA ISOLATED FROM NORMAL 
AND NEOPLASTIC MOUSE TISSUES '! 


R. A. MaLMGREN and B. E. Bennison, National Cancer 
Institute, National Institutes of Health, U. 8S. Public 
Health Service, Bethesda, Md. 


Mitochondria have long been known as morphologic entities within the 
cytoplasm (1), but the development of satisfactory techniques for their 
isolation began in 1934 with the work of Bensley and Hoerr (18). Differ- 
ential centrifugation has been the most widely used method for preparing 
mitochondrial fractions from various tissues (2). This technique was 
recently modified by Hogeboom, Schneider, and Pallade (3), who found 
that 0.88M sucrose, in place of the usual salt solutions, gave preparations 
of mitochondria that were morphologically intact and apparently free of 
other cell components. 

In a recent report on the serology of mitochondria and submicroscopic 
particles, Dulaney et al. (4) presented data on the antigenicity of mito- 
chondria isolated from the tissues of inbred mice. Organ and fraction 
specificity were demonstrated in complement fixation tests, but no 
qualitative serologic differences were found in mitochondria isolated from 
the spleens of normal and leukemic mice. 

Data are presented below on some antigenic relationships of mito- 
chondrial fractions isolated by the sucrose method (3) from normal 
mouse and guinea pig tissues, from a transplantable mouse hepatoma, and 
from spontaneous mouse mammary tumors. 


MATERIALS AND METHODS 


Preparation of Antigens.—Mitochondrial suspensions were prepared by 
the method of Hogeboom et al. (3) from a number of tissues. Normal 
kidney, spleen, and liver tissues were obtained from mice of strains C, 
C3H, and C3Hb (5). (Strain C3Hb mice are the progeny of C3H animals 
that were deprived of the mammary tumor-agent by foster nursing.) 
Spontaneous mammary tumors were obtained from C3H mice. For 
comparative purposes, strain C mice with the mammary tumor-agent (6) 
were used as a source of normal tissues and spontaneous mammary tumor 
tissue.2 Strain C mice were also used for the propagation of a trans- 
plantable hepatoma originally induced with o-aminoazotoluene by 

1 Received for publication, June 20, 1950. 


2 We wish to thank Dr. H. B. Andervont who provided C mice with the mammary tumor agent and C mice 
with the transplantable hepatoma, and Dr. W. E. Heston who made available the inbred guinea pigs of family 2. 
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Andervont (7).?_ For species specificity studies, tissues were obtained 
from inbred guinea pigs of Family 2 (8).? 

The mitochondria thus prepared were examined with the ordinary and 
the phase contrast microscopes and appeared to contain structures re- 
sembling mitochondria as described by Hogeboom, and to be free of 
cellular debris. The possible presence of fat droplets or secretory granules, 
however, was not ruled out by the methods of examination used. In 
certain instances, whole tissue homogenates and the supernatant or 
microsome fractions were used as antigens. They were taken from the 
appropriate steps in the preparation of mitochondria by the sucrose 
technique. 

Nitrogen determinations were done on the mitochondrial suspensions 
and tissue fractions using the Kock-McMeekin micro-Kjeldahl method 
(9) with Vanselow’s modification (10) of Nessler’s reagent. When used 
as antigens in complement fixation reactions all suspensions were made 
upin0.9 percent saline to contain 0.03 mg. of nitrogen per cubic centimeter. 

Preparation of Antisera.—Two or more rabbits were used for each 
antiserum, and serum samples were obtained from all rabbits before im- 
munization. Equal volumes of a mixture of 9 parts of mineral oil and 1 
part Arlacel A* and the appropriate tissue fraction were emulsified by 
repeated aspiration through a number 18 needle on a 10-cc. syringe. 
Eight cubic centimeters of freshly prepared antigen-adjuvant emulsion 
were injected subcutaneously into 1-2 kg. rabbits. Three weeks after 
injection, 3-4 weekly bleedings of 40—50 cc. each were obtained and the 
sera stored in the frozen state until used. 

Serological Methods——Most of the immune sera contained significant 
levels of sheep-cell hemolysin. In order to determine the minimum con- 
centration of sheep cells required quantitatively to remove the hemolysin, 
serial two-fold dilutions of sheep cells were incubated at 37° C. for 30 
minutes with a 1:5 dilution of inactivated antiserum. The tubes were 
centrifuged, and the supernatants tested for residual hemolysin by adding 
fresh sheep cells with complement. The balance of the serum was then 
absorbed with that dilution of sheep cells which completely removed 
hemolytic activity. 

Anticomplementary titers were routinely done on all antigens and 
antisera, and anticomplementary control tubes on antigen and antibody 
were included in each complement fixation test. All mitochondria com- 
pared in complement fixation tests had comparable anticomplementary 
activities. 

Complement fixation tests were set up in the usual manner with in- 
activated immune rabbit serum as antibody and, with the exception of 
table 1, serial two-fold dilutions of mitochondrial suspensions as antigens. 
The primary incubation was at 37° C. for 60 minutes, and consisted of 
0.5 cc. of antigen, 0.5 cc. of antibody, and 1.0 cc. of guinea pig serum 


3 Kindly!provided by the Atlas Powder Company, Wilmington, Delaware. 
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diluted to contain twice the amount of complement necessary for com- 
plete hemolysis in the presence of excess hemolysin. Following the addi- 
tion of 1.0 cc. of 1 percent sheep cells sensitized with 4 times the amount 
of rabbit sheep-cell hemolysin required for complete hemolysis in the 
presence of excess complement, the test was incubated at 37° C. for 30 
minutes and the turbidity recorded as 0, +, ++, +++, and ++++. 
All tables shown are actual and representative experiments. 

Certain immune sera were absorbed with mitochondrial antigens in 
varying dilutions, some for 1 hour at 37° C., and some for 16 hours at 
5° C. After absorption, the sera were centrifuged at 24,000 X G for 20 
minutes, and the supernatant was used in the tests. 


RESULTS 


To rule out possible effects of sucrose on the complement fixation test 
anticomplementary titers and hemolytic titers were run on the 0.88 M 
sucrose solution used in the preparation of mitochondria. It was found 
that sucrose had negligible anticomplementary activity, requiring about 
0.5 cc. of 1:60 guinea pig serum when used in a sucrose concentration 80 
times greater than that used in the complement fixation tests. Sucrose 
solutions showed no hemolytic activity. 

That isolated mitochondria were antigenic is indicated by table 1, 
which presents the complement fixation titers of rabbit sera harvested 
before and after immunization. The usual individual variation in the 
ability of rabbits to produce antibodies was noted, but in general the 
mitochondria seemed to be antigenic. 

The presence of Forssman antigen or related substances in the mito- 
chondria required the removal of sheep-cell hemolysin from the antisera. 
In most cases, the Forssman antibody was absorbed by an equal volume 
of 1:400 sheep red cells from a 1:5 dilution of serum. No marked differ- 
ences were found in the amounts of Forssman antibody produced by any 
of the mitochondrial suspensions. 

The anticomplementary titers of the various mitochondrial preparations 
were also about equal. One-half of a cubic centimeter of such mitochon- 
drial suspensions diluted to contain 0.03 mg. nitrogen per cubic centimeter 
required approximately 0.4 cc. of 1:60 guinea pig serum for complete 
hemolysis. 

Observations were made on the effect of freezing and thawing on the 
antigenicity of mitochondria. Complement fixation tests on several 
samples of freshly prepared mitochondrial suspensions, half of which had 
been frozen and thawed, revealed a consistent decrease in the complement 
fixed by the frozen and thawed mitochondria. It was further noted that 
the freshness of the antigen apparently influenced the results of the com- 
plement fixation tests. In general, freshly prepared mitochondria fixed 
more complement than did mitochondria which had been stored in the 
deep freeze at —20° C. for a week or more. All observations reported 
are therefore based on the use of freshly prepared mitochondria. 

To test the specificity of the antisera for the mitochondrial fraction of 
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the tissue, complement fixation tests were run op whole tissue homogenate, 
the supernatant or microsome fraction, and mitocbondria, all obtained in 
the fractionation of the same tissue sample. The results (table 2) show 
that the antisera reacted more strongly with the mitochondrial fraction, 
although significant amounts of complement were fixed by the homogenate 
and the supernatant fraction. 


TABLE 2.—Complement fixation reactions between tissue fractions and antimitochondrial 


























sera 
Complement fixed by antigen dilution 
Antiserum to Tissue fraction used 
mitochondria of— as antigen 
1:2 1:4 1:8 1:16 1:32 
Strain C hepatoma | Hepatoma: 
tissue. homogenate_-__-|-+ +++ + 0 0 0 

supernatant___.|++++ 0 0 
mitochondria.-|++++/++++/4+4+4++ 0 0 

Strain C liver tissue_| Liver: 
homogenate_-.-)++++|/++++ 0 0 0 
supernatant.__-}++++/++++4+ 0 0 0 
mitochondria_-|-+++|Ft E+ ttt ttt+rt 























Species specificity of isolated mitochondria was clearly demonstrated 
(table 3). Both guinea pig liver mitochondrial antisera and mouse liver 
mitochondrial antisera reacted most strongly with their homologous 
antigens. 


TaBLE 3.—Complement fixation reactions of mitochondria isolated from mouse and 
guinea pig liver tissues 





Complement fixed by antigen dilution 





Antiserum to mitochon- | Source of mitochondria 
dria of— antigen 


1:2 1:4 1:8 1:16 1:32 


Family 2 guinea pig | Guinea pig liver---|++++/++4++4+/4+4+4++ 0 0 
liver tissue. 











Mouse liver__----- ++++ 0 0 0 0 
Strain C mouse liver | Guinea pig liver.--|++++] +++ 0 0 0 
tissue. 




















Mouse liver_--.--- ++4+4144+44194-44417474 0 








Strain specificity, however, was not demonstrable using mitochondria 
from the livers and mammary tumors of two strains of homozygous mice. 
Table 4 shows that the antisera did not pick out their homologous antigens, 
but reacted equally well with mitochondria from the tissues of strain C 
or C3H mice. 
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TABLE 4.—Complement fixation reactions of mitochondria isolated from two strains of 


mice 



































Complement fixed by antigen dilution 
Antiserum to mito- Source of mitochondrial 
chondria of— antigen 
1:2 1:4 1:8 1:13 | 1:32 
Strain C3H mouse | C3H liver._--_-_--- +$444)/4+444/4+4+4+4+/14++4+ 0 
liver tissue. 
3) a ae +4+4¢4+/4+444/4+4+4+4+/4+4+ 0 
Strain C mouse liver | C3H liver._.._--_--- tHe ttitttet+] t+4+ i++ 0 
tissue. 
OF Rd winicwnccmeied +4+4+4+i4+4+4+4+) +++ + 0 
Strain C3H mam-j| C3H mammary tu- |++++/++++/+4+4++ 0 0 
mary tumor. mor. 
C mammary tumor--|++++/++++4+/++4++ 
Strain C mammary | C3H mammary tu- |++++ 0 0 0 0 
tumor. mor. 
C mammary tumor--}++++ 0 0 0 0 























The mitochondria from liver and kidney showed definite organ-specific- 
ity. Table 5 shows that antisera prepared against mitochondria isolated 
from these organs of strain C mice reacted most strongly with their 
homologous antigens. 


TABLE 5.—Complement fixation reactions of mitochondria isolated from mouse kidney 
and liver tissues 




















Complement fixed by antigen dilution 
Antiserum to mitochondria of— | Source of mitochondrial antigen 
1:2 1:4 1:8 1:16 
Strain C mouse liver___---- Strain C liver__.....-.- ++4+4+i4+4+4+ 0 0 
Strain C kidney_-_----- 0 0 0 0 
Strain C mouse kidney----- Strain C liver__.____-- 0 0 0 0 
Strain C kidney______- ++++14+4+4+ 0 0 




















The presence of the milk agent was not detectable in isolated mito- 
chondria by the complement fixation reaction. Thus, mitochondria from 
the livers and spleens of mice with and without the milk agent showed 
no significant differences in complement fixation tests with antisera to 
mammary tumor mitochondria or with antisera to ultracentrifuged 
mammary tumor pellets. 

In comparing antisera prepared against liver and hepatoma mitochon- 
dria it was noted that hepatoma mitochondrial antisera reacted more 
strongly with hepatoma mitochondria than with liver mitochondria 
(table 6). However, liver mitochondria antisera also reacted more 
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strongly with hepatoma mitochondria than with liver mitochondria. 
The absorption of hepatoma mitochondrial antisera with liver mito- 
chondria and the reverse, the absorption of liver mitochondrial antisera 
with hepatoma mitochondria, did not appear to increase the specificity 
in either case. Following absorption, each serum reacted the same as 
unabsorbed serum, although in lower titer. 


TABLE 6.—Complement fixation reactions of mitochondria isolated from hepatoma and 
liver tissues of strain C mice 




















: ’ Complement fixed by antigen dilution 
Antiserum to mitochondria of— Source Soe 
1:2 1:4 1:8 1:16 
Strain C hepatoma tissue_._.| Hepatoma_---_-_--- ++4+4+) +++ + 0 
a + 0 0 0 
Strain C liver tissue... _-- Hepatoma---_-_---- +4+44/4+444+/4+4+4++ 0 
NR ee te +tete+i¢4¢4++ 0 0 




















Although the mitochondria of normal liver and hepatoma tissue reacted 
as though there were no antigens present in tumors that were not also 
present in the tissue of origin, it was possible clearly to distinguish 
mitochondria isolated from two different tumors. Table 7 presents a 
serologic comparison of mitochondria isolated from strain C and C3H 
mammary adenocarcinoma and strain C hepatoma. The table shows 
that antisera prepared against the mitochondria of both types of tumors 
reacted most strongly with their homologous antigens. 


DISCUSSION 


The data presented indicate that mitochondria, as isolated by the 
sucrose technique from the tissues of homozygous mice and guinea pigs, 
contain the Forssman antigen or related substances and species and 
organ specific antigens. 

A measure of the degree of purity obtained in the isolation of mito- 
chondria may be provided by the reactions of the supernatant or micro- 
some fraction and the sedimented mitochondria with mitochondrial 
antisera. The fact that the microsome fraction fixed some complement 
with antimitochondrial serum suggests that all the mitrochondria in the 
supernatant may not have been removed by the techniques of differ- 
ential centrifugation used. It is also possible, however, that some of the 
mitochondria are fragmented during the process of isolation with the 
consequent liberation of soluble mitochondrial antigens into the super- 
natant, or that the same or closely related antigens are normally present 
in both the microsome and mitochondrial fractions. 
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The apparent absence of strain specific antigens in mitochondria iso- 
lated from mammary tumors of strain C and C3H mice (table 7) suggests 
that factors involved in histocompatibility (11), if measurable by the 
complement fixation reaction, are not concentrated in the mitochondria, 

In view of the wide differences in the behavior of normal and neoplastic 
cells, it might be expected that serologic differences in their mitochondria 
would be demonstrable. Our results indicate that any differences present 
are quantitative rather than qualitative. Thus, in comparing mitochon- 
dria from hepatoma and normal liver (table 6), the hepatoma mitochon- 
dria fixed more complement, not only with homologous antisera but also 
with liver mitochondrial antiserum. Absorption of each antiserum with 
heterologous antigen failed to increase the specificity of the reaction. 
Such results strongly suggest that there are no antigens present in hepa- 
toma mitochondria which are not also present, to some extent, in liver 
mitochondria. These findings are compatible with the suggestion of 
Dulaney et al. (4) that there may be more nonnitrogenous antigen present 
in malignant tissue than in the corresponding normal tissue. 

A growing body of data suggests that mitochondria are important as 
centers of enzyme activity (12), and certain enzymes have recently been 
shown to be antigenic (13). The serologic similarity of mitochondria 
isolated from normal and neoplastic tissues may thus be consistent with 
the absence of qualitative differences in the enzyme patterns of normal 
and neoplastic tissues (14). 

Enzymatic data are in contrast, however, with our results on the serology 
of mitochondria isolated from two different tumors (table 7). Enzyme 
and chemical studies suggest (14) that tumors resemble each other more 
than they resemble their tissue of origin. Our data indicate that, sero- 
logically, the mitchondria from hepatoma tissue resemble those from liver 
more closely than they resemble those from mammary tumors. 

The specificity noted in comparing mammary tumor mitochondria with 
hepatoma mitochondria (table 7) cannot be explained on the basis of 
strain specific antigens since a comparison of both livers and mammary 
tumors from the two strains involved indicates that there are no strain 
specific antigens (table 4). Organ specific antigens were demonstrated, 
however, (table 5), and this type of tumor specificity may well be an ex- 
pression of the presence of these organ specific antigens in the mitochon- 
drial fraction of the tumors. 

The marked decrease in complement fixing ability of mitochondria after 
standing in the frozen state for a week or more suggests that the antigenic 
material is quite labile. The fact that this change increases with time 
may imply enzymatic breakdown of antigenic material in the frozen state 
rather than a direct effect of freezing and thawing per se. 

Barnum et al. (15) found that the “large granule” or mitochondrial 
fraction, as isolated from spontaneous mammary tumor tissue by the 
differential centrifugation technique of Claude (2), produced mammary 
tumors on injection into susceptible mice. It has been shown (16, 17) 
that the mammary tumor-agent can be detected in complement fixation 
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tests. The apparent absence of the agent in mitochondria isolated by 
the sucrose technique may have resulted from its release from the mito- 
chondrial surface into the suspending fluid. It seems safe to conclude 
that the agent is not concentrated in mitochondria, although it may be 
present in amounts not detectable by the complement fixation test used. 
Biological tests are in progress which may determine the location of the 
agent with respect to the mitochondrial and microsome fractions as iso- 
lated by the sucrose technique. 
SUMMARY 

Mitochondrial fractions isolated from normal and neoplastic tissues of 
homozygous mice were studied serologically using the complement fixation 
reaction. In addition to the Forssman antigen or related substances, the 
isolated mitochondria appeared to contain species and organ specific 
antigens. In a serologic comparison of mitochondria from normal liver 
and hepatoma tissue, quantitative but not qualitative differences were 
observed. A serologic difference was observed between mitochondria 
isolated from mouse mammary adenocarcinoma and bepatoma which 
was irterpreted as an expression of organ specificity. The mammary 
tumor milk agent was not detectable in the mitochondrial fraction of 
several tissues. 
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ASCORBIC ACID, DEHYDROASCORBIC 
ACID, AND DIKETOGULONIC ACID OF 
TRANSPLANTED MELANOMAS AND OF 
OTHER TUMORS OF THE MOUSE ! 


Hewten M. Dyer and Heten E. Ross, National Cancer 
Institute, National Institutes of Health, U. S. Public Health 
Service, Bethesda, Md. 


The method of Roe, Mills, Oesterling, and Damron (1) was used for 
the determination of t-ascorbic acid (AsA), dehydro-t-ascorbic acid 
(DHA), and diketo-t-gulonic acid (DKA) in extracts of: transplanted 
Cloudman melanoma $91 (2), the amelanotic tumor S91A derived by 
Algire (3) from melanoma $91, the Harding-Passey melanoma (4) trans- 
planted into two different strains of mice, hepatoma 98/15 (5), spontaneous 
mammary tumor of C3H mice, the livers of the animal-hosts to these 
tumors and livers of noncancerous mice of the same strains as those with 
tumors. 

In in vivo studies, Borsook and associates (6) demonstrated the rapid 
reduction of DHA to AsA and also observed that DHA was protected 
from oxidation. They also found that intact isolated tissues and extracts 
of rat kidney, liver, and intestinal mucosa rapidly reduced DHA to AsA. 
Roe and Mills (7), moreover, using their method of analysis (1) have 
found that DHA and DKA are absent from, or present in negligible 
quantities in the tissues of normal animals. A disturbance in the AsA to 
DHA ratio, however, has been reported for scorbutic guinea pigs in which 
a ratio of AsA to DHA was found to be one-twentieth of that in normal 
pigs (8). 

Thus, while there is no evidence that these oxidation products of 
ascorbic acid are present in more than traces in fresh extracts of tissues 
of normal animals, it was thought possible that tumor tissue might show 
some abnormality in the metabolism of ascorbic acid resulting in the 
accumulation of dehydroascorbic or diketogulonic acids in the tissues. 
Because of the probable role of phenylalanine and tyrosine as precursors 
in the synthesis of melanin in vivo and the recent investigations which 
suggested an intimate relation between vitamin C and the oxidative 
degradation of these amino acids (9, 10, 11), the study was of special 
interest in the case of melanomas. 

No question of an adequate supply of vitamin C in the diet was involved 
in this investigation, as the mouse is able to synthesize ascorbic acid and 


1 Received for publication, July 6, 1950. 
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is not dependent upon the presence of the preformed vitamin in the diet. 
Since the foodstuff was offered ad libitum, the possibility of a deficiency 
in precursors was too remote for consideration. Any abnormality, such 
as the presence of considerable amounts of the two oxidation products 
or the absence of the vitamin from the tissues, would indicate a disturbance 
in the metabolism of ascorbic acid in the tissue or in the ability of tumor- 
bearing mice to synthesize the compound. The literature on the relation 
of ascorbic acid to malignant tissue was reviewed in 1943 by Robertson 
(12) and in 1944 by Burk and Winzler (13). Since few additional reports 
on this subject have appeared other than those of the ascorbic acid 
content of several malignant tumors of man, no attempt will be made 
to review the recent literature. 

The mice * were bred at the National Cancer Institute and were main- 
tained on Purina Chow or N. C. I. food pellets (14) and water. Both 
of these diets were analyzed and were found to be free of ascorbic acid and 
dehydroascorbic acid. The transplants were made intramuscularly with 
the exception of the hepatomas, which were subcutaneous. At the 
time of analysis, the mice were weighed and were bled by decapitation 
following cervical dislocation. The liver and tumor were quickly removed 
and weighed, and suitable amounts were taken for analysis. 

The tissues were homogenized in 5 volumes (per weight of tissue) 
of 5 percent HPO; containing 10 percent SnCl,, using a Potter-Elvehjem 
homogenizer. Preliminary comparisons of determinations made on 
homogenates prepared by mortar and pestle with those prepared in the 
Potter-Elvehjem glass homogenizer demonstrated that recoveries of the 
AsA, DHA, and DKA were the same with the two types of procedures, 
a finding which is in accord with the results of a recent study on the use 
of the Waring Blendor in the preparation of tissue extracts for ascorbic- 
acid analysis (15). Apparently the exposed metal of used Waring 
Blendors and not the exposure to air is the cause of the loss of ascorbic 
acid by oxidation as reported by some investigators. 

The homogenates were analyzed according to the procedure-of Roe and 
associates (1). This method makes possible the determination of AsA, 
DHA, and DKA in the same tissue extract. Nitrogen determinations 
were made of the homogenates before and after filtration. 


EXPERIMENTAL RESULTS 


Table 1 contains a summary of the analytical results. It is evident that 
there was no significant accumulation of dehydroascorbic acid or dike- 


togulonic acid in any of the tumors analyzed, nor in the livers of the 
mice bearing the tumors. 


3 The authors wish to thank the following members and their associates of the staff of the National Cancer 
Institute for the animals used in this investigation: Dr. Harold P. Morris for the C3H control mice and for those 
bearing spontaneous mammary tumors; Dr. Glenn Algire for mice bearing the Harding-Passey melanoma and 
for several mice bearing amelanotic S91; Dr. Mark Woods for control mice and mice bearing melanoma S91 and 


those bearing amelanotic tumor 891A; Dr. A. J. Dalton for control mice and for mice bearing transplants of 
hepatoma 98/15. 
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The tumors are arranged in the table in the order of decreasing ascorbic- 
acid contents both on the basis of wet weight and of the total nitrogen 
content. The number of animals in each group was small but the indi- 
vidual analyses indicated that the ascorbic-acid concentrations in the 
individual tissues were not influenced by age, sex, or strain of the mouse, 
by the generation of the transplants or the size of the tumors. 

It is apparent that there was no significant difference in the ascorbic- 
acid content of the S91 melanoma and its amelanotic derivative S91 A. 
Both of these tumors contained two or three times as much of the vitamin 
as the other tumors that were analyzed. There was no similarity be- 
tween the S91 and the Harding-Passey melanomas, the former containing 
twice as much ascorbic acid as the latter. The spontaneous mammary 
tumors of the C3H mice and the Harding-Passey melanomas contained 
about the same concentrations of the vitamin, while the hepatoma ap- 
peared to contain somewhat less. On the basis of total nitrogen, with the 
possible exception of the hepatoma, the tumors had higher concentrations 
of ascorbic acid than the livers of their respective hosts. 

The livers of the three strains of mice did not show as wide a variation 
in ascorbic-acid content as the different types of tumors. The livers of 
the tumor-bearing mice had the same or slightly larger amounts of the 
vitamin than the livers of control mice of the same strains. 


DISCUSSION 


The presence of negligible amounts of DHA and DKA in the tumors 
and in the livers of the animal hosts indicates that the malignancy of the 
tumor tissues does not effect the accumulation of these oxidation products 
during the metabolism of ascorbic acid. The presence in the tumor tissue 
and in the livers of the tumor-bearing mice of approximately the same or 
greater concentrations of ascorbic acid than in the livers of normal mice of 
the same strains seems to support the conclusion that the growth of the 
tumor does not interfere with the synthesis or storage of the vitamin. 

The similarity in the ascorbic-acid content of melanoma S91 and its 
amelanotic derivative parallels their similarity in cytological structure as 
observed by Algire (3) and by Woods and associates (16). The fact that 
the S91 melanoma contains twice as much ascorbic acid as the Harding- 
Passey melanoma may be related to the difference in cellular composition 
of the two melanomas. Woods and associates (16) observed that tumor 
cells proper made up the bulk of actively growing tumors of S91, while the 
Harding-Passey tumors were composed chiefly of two cell types, melano- 
blasts and a macrophage system, the latter comprising 50-80 percent of 
the total tumor mass. However, the fact that the S91 and Harding- 
Passey tumors differ markedly with respect to the activities of the succin- 
oxidase and phenolase systems (17) indicates that fundamental differences 
in tumor-cell metabolism do exist between the two types of melanomas. 

Where the same type of tissue was analyzed it is interesting to see 
(table 2) how close the agreement is in ascorbic-acid concentrations 
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determined by the 2,4-dinitrophenylhydrazine method with those by the 
2,6-dichlorophenolindophenol method (18) reported by Robertson (12). 


TABLE 2 





Ascorbic acid per 100 gm. of wet tissue 











Tissue niet '~ ei ~~ teen 
Range Average Range Average 
ne eee 18-26 22 18-27 21 
Spontaneous mammary tumor--_----- 19-57 34 22-41 31 
Normal mouse liver...............- 21-41 32 20-35 28 




















Robertson (12) observed no relation between the ascorbic-acid content 
of tumors and that of the tissues of origin. The present study includes no 
data on this point. The ascorbic-acid data (table 1) are in agreement with 
Robertson’s findings (12) that there was wide variation in the ascorbic- 
acid content of different types of tumors, that the age of the host animal 
did not affect the ascorbic-acid concentration in the tumor and that the 
strain of the mouse did not materially influence the ascorbic content of the 
livers of control mice. 

SUMMARY 


Using the 2,4-dinitrophenylhydrazine method, ascorbic acid, dehydro- 
ascorbic acid, and diketogulonic acid were determined in extracts of 
transplanted melanomas, a transplanted amelanotic tumor developed 
from a melanoma, a transplanted hepatoma, a spontaneous mammary 
tumor, livers of the animal hosts of the tumors and of livers of noncan- 
cerous mice of the same strains as the tumor-bearing animals. 

Dehydroascorbic and diketogulonic acids were found to be absent or 
present in equally negligible quantities in the tumors and in the livers of 
the tumor-bearing and the non-tumor-bearing control animals. 

The amounts of ascorbic acid varied more among the different types of 
tumors than in the livers of different strains of mice. On the basis of total 
nitrogen, the tumors, with the possible exception of the hepatoma 98/15, 
contained higher concentrations of the vitamin than the livers of their 
respective hosts. 

The equivalence of the ascorbic-acid contents of S91 and S91A and the 
difference between their values and the Harding-Passey melanoma values 
parallel the similarity and difference in the cytological structures of the 
respective tumors. 
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STUDIES ON THE MECHANISM OF AC- 
TION OF CHEMOTHERAPEUTIC AGENTS 
IN CANCER. IV. RELATIONSHIP OF 
GUANINE AND GUANYLIC ACID TO THE 
ACTION OF GUANAZOLO ON LYMPHOID 
TUMORS IN MICE AND RATS??? 


ABRAHAM GOLDIN, Pu. D., Ezra M. Greenspan, M. D., 
and EMANUEL B. Scnoensacn, M. D., Clinical Research 
Unit of the National Cancer Institute, U. S. Public Health 
Service, U. S. Marine Hospital, and the Department of 
Preventive Medicine, The Johns Hopkins University School 
of Medicine, Baltimore, Md. 


Current interest in metabolic antagonists of guanine and related purines 
and pyrimidines has been stimulated by the report of Kidder et al. (1), 
that the compound 5-amino-7-hydroxy-1H-v-triazolo [d] pyrimidine 
(guanazolo; 8-azaguanine) produced a marked inhibition of tumor growth 
in mice with no attendant toxicity to the host. Although the inhibitory 
effect was first observed in mice bearing a transplantable adenocarcinoma 
(Eo 771), a transplantable lymphoid leukemia (Lymphoma 2) and 
spontaneous mammary cancer (1), it has not been demonstrated uniformly 
against transplantable or spontaneous tumors of mice and rats. Gellhorn 
et al. (2), noted a retardation of three breast adenocarcinomas (755, RC, 
and Eo 771) in mice, but no detectable inhibitory effect on Sarcoma 180, 
an acute leukemia (9417), or on a lymphosarcoma (6C3HED). Law (3) 
reported that acute lymphoid leukemia (L1210) was readily inhibited by 
guanazolo, and confirmed the effect on Lymphoma 2 reported by Kidder. 

igiura et al. (4) ,observed in the mouse an inhibitory action of guanazolo 
on the growth of transplantable mammary adenocarcinoma (Eo 771), 
but no effect on spontaneous mammary cancers. No significant influence 
was reported on the following transplantable tumors: Sarcoma 180 (4, 5), 
Sarcoma T241, Harding-Passey melanoma, Wagner osteogenic sarcoma, 
or Patterson lymphosarcoma in mice (4); Flexner-Jobling carcinoma, 
Sarcoma R 39, and Walker Carcino-sarcoma 256, in rats (4). 

By virtue of the reported lack of toxicity in the host at doses that inhibit 
tumor growth (1), guanazolo would appear to meet one of the require- 


1 Received for publication, July 9, 1950. 

2 The authors wish to acknowledge the technical assistance of John M. Venditti, Annie Collins, Faith Adkins, 
Natalie Hill and Peggy Heuser. 

3 These investigations were aided in part by a grant from the American Cancer Society, Inc. to the Department 
of Preventive Medicine, The Johns Hopkins University School of Medicine, recommended by the Committee 
on Growth of the National Research Council. 
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ments for an ideal antineoplastic agent. Such an antineoplastic effect in 
the absence of toxicity to host tissues would be unusual. It has not been 
demonstrated for such chemotherapeutic agents as folic acid antagonists 
(6), nitrogen mustard (7), colchicine (8), podophyllin (9), alpha-peltatin 
(10), and 2,4,6-triethyleneimino-s-triazine (11). 

Kidder et al. (1) suggested that the action of guanazolo could be ex- 
plained by the hypothesis that neoplastic cells of mammals, in contrast 
to nonneoplastic cells, possess a guanine requirement for growth. This 
theory was the outgrowth of observations on the protozoan Tetrahymena 
geleii, which, unlike normal mammalian cells (12), requires an exogenous 
source of guanine for growth (13). Of a number of substituted purines 
tested against the growth of Tetrahymena, guanazolo demonstrated the 
greatest potency as a growth inhibitor (14). On the basis of the reversal 
of this guanazolo effect by the addition of guanylic acid to culture media 
and the structural relationship to guanine, it was suggested that the 
inhibition of growth with guanazolo could be a reflection of its incorpora- 
tion as a purine antagonist into the nucleoprotein of the protozoan (14). 

An investigation of the action of guanazolo on experimental tumors 
appeared warranted in view of its potential clinical application. The 
objectives of the experiments on guanazolo reported here were: (a) to 
determine the degree of its toxicity with emphasis on induced hematologic 
alterations, (b) to assay its effect on the growth of biologically-different 
transplantable lymphoid tumors, including a lymphoid tumor in the rat, 
and (c) to study the metabolic relationship of guanazolo to the nucleotide, 
guanylic acid, and its purine analogue, guanine. Law’s report (3) 
indicated that guanine hydrochloride completely prevented the increase 
of survival time induced by guanazolo in dba mice bearing L 1210. 
However, he did not observe commensurate reversal of a guanazolo- 
effect on the peripheral blood. These findings, and the fact that others‘ 
too were unable to demonstrate a progressive metabolite-antimetabolite 
relationship with guanine have prompted us to present the data herein 
reported. 

METHODS 


Four transplantable lymphoid tumors were employed in this study: 
(a) Acute stem-cell leukemia L1210 in dba mice, subline 212 originally 
induced by application of methylcholanthrene (15). This tumor grew 
progressively after intramuscular implantation and infiltrated the sub- 
cutaneous and internal lymph nodes, and the spleen, liver, kidney and 
thymus. Immature lymphoid cells were found in the peripheral blood 
2 to 6 days after transplantation. Local tumor growth was grossly 
detectable 5 to 6 days after implantation. Injections of drugs were begun 
on the third day after tumor inoculation, prior to the appearance of gross 
tumors. Survival of animals varied from 10 to 17 days after inoculation, 
with a mean of 11.641 day (10). No spontaneous regressions were 
observed. (6b) Lymphoma 2 originally induced by X-ray treatment ® in 


4 Personal communication, D. Shapiro. 
‘ By Dr. Egon Lorenz of the National Cancer Institute. 
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strain A mice. This tumor produced a massive infiltration of spleen, 
regional lymph nodes, blood, and bone marrow after intramuscular 
implantation in A and ABC mice.’ Injections were begun on the 4th 
day after implantation. Gross tumors usually appeared on the 10th day 
in controls. Survival in untreated animals varied from 14 to 24 days (10). 
(c) Lymphoma 1 also induced in strain A mice by X-ray treatment.® 
A large local tumor (3 to 6 cc. in volume) developed within 10 to 12 days 
at the site of intramuscular implantation. Injections were begun on the 
4th day after tumor inoculation. No gross evidence of metastases was 
found. Survival of untreated animals varied from 26 to 34 days after 
transplantation (10). (d) Rat lymphosarcoma’ induced in the Wistar 
strain (16) after treatment with 1,2,5,6-dibenzanthracene. Intraperitoneal 
inoculation of tumor cells produced a typical lymphatic leukemia with 
involvement of thymus and lymph nodes. In these experiments, however, 
the tumor was inoculated intramuscularly, with consequent retardation 
of the appearance of lymphoblast cells in the peripheral blood. A large 
local lymphosarcoma developed within 10 days at the site of intramuscular 
inoculation and resulted in a less-rapid spread of tumor. Injections were 
begun on the 4th day after tumor inoculation. Survival of untreated 
animals varied from 13 to 20 days, with a mean of 16.64+1.6 days after 
tumor implantation. 

Male and female mice (weighing 18-24 gm.) were aseptically inoculated 
in the right thigh with 0.1 ml. of a uniform suspension of tumor cells in 
saline (4-6 million cells per mouse). Male and female Wistar rats weigh- 
ing 100-125 gm. were used for the rat lymphosarcoma, which was inoc- 
ulated by an aseptic trocar technique employing tumor fragments. 

The guanazolo® (5-amino-7-hydroxy-1H-v-triazolo [d] pyrimidine) was 
dissolved in 1 N NaOH. The pH of the resulting solution was reduced 
toward a more physiological level (pH 8.5 to 10) by the addition of 0.1 
N HCl. For several acute toxicity studies involving massive doses (500 
to 2,000 mg./kg.), the drug was suspended in 5 percent acacia. Guanazolo 
was not sufficiently soluble in NaOH to permit study of the acute toxicity 
after single injections without the development of severe alkali burns. 
Guanine® was suspended in 5 percent acacia and adjusted to a pH of 7 to 8 
with 1 N NaOH. Guanylic acid® was dissolved in distilled water and 
titrated to a pH of 5 to 6 with 1 N NaOH. Fresh solutions of the com- 
pounds were injected in a volume equivalent to 1-2 percent of the total 
body weight. Treatment with guanine or guanylic acid was usually 
initiated 1 day prior to treatment with guanazolo. The compounds were 
injected subcutaneously into opposite axillae when two drugs were ad- 
ministered on thesameday. Details of the time relationships of the injec- 
tions of guanine or guanylic acid to guanazolo are indicated in the indi- 


* The ABC mice were obtained from Dr. J. J. Bittner of the University of Minnesota Medical School. 

1 The rat lymphosarcoma was obtained through the courtesy of Dr. James Murphy of the Rockefeller Institute 
for Medical Research. 

§ 5-amino-7-hydroxy-1H-v-triazolo [d] pyrimidine (guanazolo) 7-9743 and 7-9772 were obtained from the Lederle 
Laboratory Division of the American Cyanamid Company. No differences were noted in the response to these 
samples of the drug. 

* Guanine and guanylic acid were obtained from the Bios Laboratories, New York, N. Y. 
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vidual protocols. ‘Tumor volume was estimated by caliper measurements 
in three dimensions. Hematologic studies were performed on blood 
obtained from the tail vein. The animals were weighed daily and observed 
for mortality. 

The animals were maintained under standard laboratory conditions 
and were offered Purina chow and water ad libitum. In the underfeeding 
experiments (see Protocols) the mice were housed individually in plastic 


cages. The feeding cups employed for these experiments have been 
described (7). 

RESULTS 

Toxicity 


The manifestations of systemic toxicity of guanazolo in normal mice 
included reduced food intake, weight loss, leukopenia, and death, without 
evidence of diarrhea. Administration of single massive doses of guanazolo 
(2,000 mg./kg.) in acacia resulted in 25 percent loss of body weight 4 days 
after injection (text-fig. 1). Nevertheless, no animals succumbed to such 
massive doses. Complete recovery occurred within 8 to 10 days after 
injection. Repeated injections of guanazolo in doses of 30 mg./kg. and 


EFFECT OF SINGLE AND MULTIPLE INJECTIONS 
OF 5-AMINO-7-HYDROXY-Ih- v- TRIAZOLO [d] PYRIMIDINE 
(GUANAZOLO) ON BODY WEIGHT IN NON-TUMOR BEARING MICE 
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TextT-FiGuRE 1.—Single injection—Strain A mice, 10 mice per group. Multiple 
injections—ABC hybrid mice, 20 mice per group. All injections subcutaneous. 


NaOH at a pH approximating that of the guanazolo solution employed. 
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60 mg./kg., twice daily, resulted in a progressive decline of body weight 
(text-fig. 1), and in a mortality of 30 percent and 50 percent, respectively, 
on the 30th day of treatment. 

Moderate leukopenia was evident from 24 to 72 hours after adminis- 
tration of a single massive dose (1,500 or 2,000 mg./kg.) of guanazolo 
(text-fig. 2). Repeated injections of 60 mg./kg. of guanazolo twice daily 
also induced leukopenia (text-fig. 2). A slight relative lymphocytosis 
was usually associated with the induced leukopenia. There were no 
significant alterations in hemoglobin concentration or red cell count. 
No specific changes were observed in the bone marrow of these mice. 


EFFECT OF 5-AMINO-7-HYDROXY-Ih- uy -TRIAZOLO [4] 
PYRIMIDINE (GUANAZOLO) ON PERIPHERAL BLOOD OF MICE 
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TEXT-FIGURE 2.—Single injection—Strain A mice, without tumors, 6 mice per group. 
Multiple injections—ABC hybrid mice without tumors, 6 mice per group. The total 
dose indicated was given in divided doses twice daily. 

Multiple injections—ABC hybrid mice with lymphoma 2, 6 mice per group. The 
total dose indicated was given in divided doses twice daily. 

C= Control, 6 mice per group. 

All injections subcutaneous. 


Tumor INHIBITION 


Tolerated doses of guanazolo produced consistent retardation of tumor 
growth and an increase of host-survival with the lymphoid mouse tumors 
employed. These tumors were characterized by distinctly different 
growth rates. 
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LEvKEm1A 1210 


Mice treated with large toxic doses of guanazolo (120 mg./kg. and 
60 mg./kg. twice daily) showed striking inhibition of local tumor growth 
(text-fig. 3). No metastases in the lymph nodes or spleen were observed 
by gross examination. These doses produced marked loss of body weight 
and no increase in survival time (table 1). Total daily doses of 30 to 60 
mg./kg. of guanazolo, produced an increase in mean survival time of 
12 to 24 percent (table 1), and a consistent reduction in tumor volume 
(text-fig. 3; table 3) with only moderate body weight loss. The leukocyte 
and lymphoblast counts of the peripheral blood in treated animals 
(text-fig. 4) remained below those of the controls. A daily dose of 15 
mg./kg., once daily, produced no significant effect on the growth of the 
local tumor, on the leukemic manifestations, or on survival of the host. 

Isocaloric controls (7) for the mice treated twice daily with a dose of 
60 mg./kg. of guanazolo showed no retardation of tumor growth in con- 


EFFECT OF 5-AMINO-7-HYDROXY-Ih-v-TRIAZOLO [d] PYRIMIDINE 
(GUANAZOLO) ON THE GROWTH OF ACUTE LEUKEMIA IN MICE 
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DAYS AFTER IMPLANTATION 


TExtT-FIGURE 3.—Leukemia L1210 in dba male and female mice. Treatment initiated 
3 days after implantation. The experimental points represent averages of the 
data of individual experiments (table 1). #4 includes the tumor volume data for mice 
treated with 60 mg./kg. of guanazolo administered once daily. NaOH at a pH 
approximating that of the guanazolo solution employed. 

All injections subcutaneous. 
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trast to the marked inhibition observed in the corresponding guanazolo- 
treated group (text-fig. 3). The guanazolo-treated group and the iso- 
caloric controls showed an average food consumption of approximately 
70 percent of that of controls fed ad libitum. The gain in weight in the 
isocaloric controls was in contrast to the weight loss observed in the corre- 
sponding guanazolo-treated group (table 1). This difference may be 
attributed in part to the more rapid growth of the tumors in the isocaloric 
group as well as to the effect of the drug in the guanazolo-treated group 
(text-fig. 3). 


EFFECT OF S-AMINO-7- HYDROXY -th- uv -TRIAZOLO [d] PYRIMIDINE 
(GUANAZOLO) ON PERIPHERAL BLOOD IN MICE INOCULATED WITH LEUKEMIA 
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TExtT-FIGURE 4.—Leukemia L1210 in dba male and female mice. Treatment initiated 
3 days after implantation. Data for table 1, Leukemia L1210, Exp. I. WBC 
counts of minimum of 5 mice averaged for each experimental point. 

All injections subcutaneous. 
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LYMPHOSARCOMA 2 


Injection of effective doses of guanazolo (30 and 60 mg./kg. twice daily; 
60 mg./kg. once daily) resulted in increases of 25 to 44 percent in mean 
survival time of ABC mice bearing Lymphosarcoma 2 (table 1). Ap- 
proximately 35 percent of the untreated mice died before the first deaths 
occurred in the treated groups. An inhibition of 28-46 percent in tumor 
growth was observed in animals treated with these doses (text-fig. 5). 
Following termination of treatment on the 19th day, the tumors of sur- 
viving mice grew rapidly. The guanazolo-induced increase in the sur- 
vival time and the retardation of tumor growth were not duplicated by 
underfeeding (table 3, Lymphoma Exp. II). The average daily food- 
intake of both the treated and the isocaloric-control groups was approxi- 
mately 87 percent of that of untreated tumor-bearing animals on an 
ad libitum diet. As previously noted, weight loss was less marked in the 
mice receiving the isocaloric diet than in the corresponding guanazolo- 
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DAYS AFTER IMPLANTATION 


TEXT-FIGURE 5.—Lymphoma 2 in ABC male and female mice. Treatment initiated 
four days after implantation. The mg points represent averages of the 
data of individual experiments (table 1). NaOH at a pH approximating that of 
the guanazolo solution employed. 

All injections subcutaneous. 
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TABLE 2—The effect of guanazolo on lymphosarcoma in Wistar rats* 











pay —me 
M v m" days alter 
Daily dose mg./kg. tins. JT Ry implantation 
8. E. rats 
12 17 
| aca eg ea ene wee oe 12.6+1.0 —1.7 | 26.5 [_--... 
See tee saan aeons: 14.740.7 | +15.0 | 21.4 |___--- 
ees EES eve ee eae 19.4+1.5 | +13.9 |----_- 35. 5 
OS SSR eee 1 122.4 | +90 € 1...... 37. 3 
|. | EE eer Meee eee 15. 6+1.1 | +13.6 | 23.5 jJ_..... 
OS eres 16.9+2.0 | +20.5 | 24.4 |---... 




















*10-15 male and female rats per experimental group. No sex difference in response was noted. Treatment 
initiated 3 days following implantation and continued daily until all of the animals had succumbed. All injec- 
tions subcutaneous. Percent body weight change is at 10 days following tumor implantation. 

**Animals received sodium hydroxide at the same pH as the corresponding solution of guanazolo. 


treated animals. The total leukocyte counts after treatment with guan- 
azolo were lower than those of the untreated control animals (text-fig. 2). 
There was no effect on the erythrocyte or hemoglobin concentrations. 
Lower doses of the drug (30 mg./kg. and 15 mg./kg. once daily) produced 
no observable effect. 

LympnHoma 1 


Mice treated with toxic doses (120 mg./kg. twice daily) of guanazolo 
showed no gross evidence of tumor growth. At this dosage, however, a 
decrease in mean survival time, and marked weight loss were observed 
(table 1). Some increase in survival time (18 percent), retardation of 
tumor growth and peripheral blood leukopenia were noted in mice treated 
with a single daily dose of 120 mg./kg. of guanazolo. At 25 days after 
implantation, the average volume of the treated tumors was 33 percent of 
that of the corresponding controls. No effect on tumor growth or survival 
was observed in mice treated with lower doses (30 mg./kg. twice daily) 
of guanazolo. 

Rat LyMPHOSARCOMA 


Treatment of rats bearing this tumor with single daily doses of 60 mg./kg. 
or 120 mg./kg. of guanazolo failed to influence survival of the host or rate 
of tumor growth (table 2). The drug was also without effect at single 
daily doses of 240 mg./kg., despite the development of marked toxic 
manifestations. In the tumor-bearing rats, as well as in normal rats, 
there was no evidence of depression of hematopoiesis after such toxic 
doses. These observations were in distinct contrast with the consistent 
observation of hematopoietic depression in mice treated with comparable 
doses of guanazolo. 

Guanyuic Acip 


Administration of guanylic acid in dba mice bearing the acute stem- 
cell leukemia L1210 was associated with a partial reversal of the tumor- 
inhibiting action of guanazolo. This interference was observed when the 
drug was administered by different routes and dosage schedules (table 3; 
text-fig. 6). The degree of reversal was progressive with increasing doses 
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of guanylic acid. The mean tumor-volume of mice treated with a single 
daily dose of 60 mg./kg. of guanazolo alone was 22.7 percent of that of 
the controls, whereas the mean tumor-volume of the animals treated with 
2,500 mg./kg. of guanylic acid plus 60 mg./kg. of guanazolo was 60.9 
percent of the size of the controls (table 3; text-fig. 6). This represents 
a reversal of approximately 50 percent of the total degree of inhibition 
elicited by treatment with guanazolo alone. A relative decrease in survi- 
val time was elicited by combined treatment with guanylic acid and guana- 
zolo when compared with the increase produced by guanazolo alone. After 
treatment with daily doses of 2,000 to 2,500 mg./kg. of guanylic acid plus 
60 mg./kg. of guanazolo, the prolongation of survival time observed with 
guanazolo alone was not evident. The inhibition of immature leukocytes 
in the peripheral blood and the reduction in total white count (table 3) 
were not observed after the combined administration of the drugs. 


EFFECT OF GUANYLIC ACID ON THE 
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Text-ricure 6.—[] Guanylic acid. e 60 mg./kg. guanazolo plus guanylic acid. Ten 
to 15 mice per experimental group. The numbers in parentheses indicate the 
number of experimental groups from which the points were derived. Refer to table 
3 for details of individual experiments. 
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Mice treated with massive doses of guanylic acid alone showed some 
retardation of tumor growth. At the maximum daily dose employed 
(2,500 mg./kg.) the tumors were approximately 70 percent of the size of 
the controls. There was no increase in the survival of the host animals 
and no alteration of leukemic manifestations. 


GUANINE 


Daily treatment with 300 mg./kg. of guanine produced a minimal and 
apparently limited reversal of the inhibitory effect of 60 mg./kg. guanazolo 
on tumor growth in mice bearing acute leukemia L1210. At this dose the 
average degree of reversal of the total inhibitory effect of guanazolo was 
29 percent. No evidence of a release of inhibition of tumor growth was 
observed at this dose in mice with the more slowly growing lymphoma 2 
(table 3; text-figs. 7, 8). No reversal was obtained employing either the 
leukemia or the lymphoma in repeated experiments with higher doses of 
guanine. On the contrary, when the higher doses of guanine were em- 
ployed (attempting to reach the 15:1 ratio established by Kidder in 
Tetrahymena) an apparent enhancement of tumor-inhibition was observed 
in both tumors. 

Administration of 300 or 600 mg./kg. of guanine daily with guanazolo 
elicited a less extensive increase in survival time than treatment with 
guanazolo alone in mice with both types of tumor. Treatment with a 
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THE EFFECT OF GUANINE ON THE GUANAZOLO-INDUCED 
INHIBITION OF GROWTH OF LYMPHOSARCOMA 2 
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TEXT-FIGURE 8.—x Guanine. e 60 mg./kg. guanazolo plus guanine. Ten to 15 mice 
per experimental group. The numbers in parentheses indicate the number of 
experimental groups from which the points were derived. Refer to table 3 for 
details of individual experiments. 


higher dose of guanine (900 mg./kg.) in combination with guanazolo 
yielded mean survival times as low as, or below that of, the untreated 
controls. 

The leukopenia and suppression of lymphoblasts in the peripheral blood, 
as well as the loss of body weight after toxic doses of guanazolo, were not 
blocked in any of these experiments with guanine. 

Administration of guanine alone resulted in some retardation (20-40 
percent) of tumor growth in both leukemia L1210 and lymphoma 2 (table 
3; text-figs. 7,8). However, the drug did not increase the mean survival 
time of the mice, and there was no retardation of peripheral blood leuko- 
cytosis. The higher doses of the drug caused depression of animal weight. 


DISCUSSION 


Inhibition of the growth of three lymphoid tumors in mice and increased 
survival time of the hosts were consistently observed after treatment with 
guanazolo, in association with a relative or absolute leukopenic effect in 
the peripheral blood, and signs of systemic toxicity. Thus, no well- 
defined separation of the tumor-inhibitory action of guanazolo from 
systemic effects of the drug was apparent. 

When Wistar rats bearing a rapidly growing lymphosarcoma were 
treated, no effect on tumor growth, host survival or the peripheral blood 
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components was observed despite the administration of doses which 
produced systemic toxicity. 

No ready explanation may be offered for the difference in the response 
of rats in contrast to the mice. In addition to inherent differences in the 
tumors employed, the possibility of a difference in the metabolism of 
purines in the two genera may also be considered. In the mouse, Brown 
et al. (17) have suggested that labeled guanine was incorporated to some 
extent into the nucleic acids of both normal and neoplastic tissues. Plentl 
and Schoenheimer (18), and Brown et al. (12), were unable to detect any 
uptake of labeled guanine in the nucleic acids of several strains of rats. 
These data suggest that exogenous guanine or one of its derivatives may 
play a more essential role as a precursor of polynucleotides in the metab- 
olism of the mouse than in the rat. This apparent difference in a metabolic 
pathway involved in the synthesis of nucleic acids could account for the 
different response in the two genera, provided it is assumed that the 
action of guanazolo is based on an antimetabolic relationship to guanine. 
It is of interest to note that none of four rat tumors (4) (including the one 
reported here) have been affected by guanazolo. 

The action of guanazolo appeared to be mediated through processes 
which involved a more readily demonstrable relationship of the anti- 
metabolite to guanylic acid than to guanine. Thus, guanine produced 
only a partial and nonprogressive reversal of the guanazolo-induced 
inhibition of tumor growth in mice with the acute stem-cell leukemia 
(L 1210), but no discernible effect on the somewhat less-rapidly growing 
Lymphoma 2. This reversal of the guanazolo effect in the leukemia was 
obtained only at a single dose level (300 mg./kg. of guanine with 60 mg./kg. 
of guanazolo). When greater doses of guanine were administered (text- 
fig. 7) either with or without the guanazolo, an inhibition of tumor growth 
associated with decreased survival of the host and signs of drug toxicity 
were observed. No evidence of reversal of the guanazolo-induced leuko- 
penia was noted. These observations of slight inhibition of tumor growth 
by massive toxic doses of guanine alone have also been reported by others 
(19). This complicated the evaluation of guanine as a metabolite. On 
the other hand, the nucleotide of guanine, guanylic acid, showed a progres- 
sive reversal of the guanazolo effect with increasing concentrations of 
guanylic acid. This reversal was manifested by concomitant changes in 
tumor volume, survival, and peripheral blood components. When massive 
doses of guanylic acid alone were administered, a minimal reduction in 
tumor volume was observed, as has been noted by other observers (20). 
These effects of guanylic acid itself did not interfere with the repeated 
demonstration of a progressive metabolite/antimetabolite relationship with 
guanzaolo. 

Although the guanine was administered as a suspension and the guanylic 
acid as a solution, it is probable that this difference in method cannot 
account for the limited demonstrable effects obtained with guanine. The 
guanine was apparently biologically available to the mouse, since treat- 
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ment with high daily doses resulted in animal weight loss, retardation of 
tumor growth and reduced survival time. 

The greater metabolic activity of guanylic acid as compared to guanine 
appears to supplement observations that the biological behavior of nucleo- 
tides, in both lower and higher organisms, differs fundamentally from 
that of their component pyrimidine and purine bases. Kidder (13) found 
that guanylic acid was twice as active as guanine as a growth factor for 
Tetrahymena. The growth rate of a Neurospora mutant requiring uracil 
was increased 10 to 60 times with equimolar amounts of uridine and the 
corresponding nucleotide (21). Although free guanine and other exog- 
enous purines and pyrimidines, with the exception of adenine, were not 
incorporated in the nucleic acids of the rat (12), the nucleoside cytidine 
(22), and other nucleotides (23), including guanylic acid, have been found 
to be precursors of tissue nucleic acids. Our experiments suggest that 
guanazolo acts primarily by preferential interference in the intermediary 
metabolism of guanylic acid rather than with the metabolism of exogenous 
guanine. 

The failure to obtain a complete reversal of tumor-inhibition with 
massive doses of guanylic acid appears to be attributable at least in part, 
to a growth-inhibiting effect of the administered guanylic acid. Studies 
to determine the chemical basis of the latter observation are necessary. 
Among the mechanisms that could be postulated are: 1) degradation of 
guanylic acid into components, one of which produces a toxic and tumor- 
inhibitory action; 2) unfavorable alteration in the equilibrium of nucleic 
acid synthesis from other purines and pyrimidines. Despite this inde- 
pendent inhibitory action of guanylic acid on the growth of the mouse 
tumors, a progressive neutralization of the inhibitory effect of guanazolo 
was repeatedly observed. It may be noted that if a correction is made 
for the inhibitory action of guanylic acid, almost complete reversal of 
the guanazolo-effect was evident at the high concentrations of the guanylic 
acid. The intact nucleotide may indeed behave as the active blocking 
agent capable of preventing the effect of the guanazolo in a guanazolo- 
nucleotide combination. Tumor growth resulting after combined doses 
of guanylic acid and guanazolo would, therefore, represent an average of 
two effects of guanylic acid, namely, release of the antimetabolite action 
of guanazolo, and the antineoplastic action of guanylic acid or one of its 
derivatives, 

SUMMARY 


The toxic effects of guanazolo in mice were characterized by progressive 
weight loss and leukopenia. No leukopenia was found in rats treated 
with lethal doses of guanazolo. 

Treatment with guanazolo produced moderate inhibition of tumor 
growth, depression of leukemic manifestations in the peripheral blood, 
and an increase in survival of mice bearing three lymphoid tumors with 
different biologic characteristics. Tumor inhibition or leukopenia was 
not observed in rats bearing a transplantable lymphosarcoma. 

Guanine under the conditions of these experiments produced an apparent 
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minimal and nonprogressive reversal of guanazolo-induced inhibition of 
tumor growth in mice. A progressive reversal of the tumor-inhibitory 
action of guanazolo was observed after treatment with increasing con- 
centrations of guanylic acid. 

The metabolite/antimetabolite relationship of guanylic acid to guanazolo 
indicated by these experiments is discussed with reference to the metabo- 
lism of purines and pyrimidines and their corresponding nucleotides in 
the synthesis of nucleic acids. 
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HISTOCHEMICAL STUDIES OF THE 
CEROID PIGMENT OF RATS AND MICE 
AND ITS RELATION TO NECROSIS‘? 


C. S. Les,’ Departments of Oncology and Pathology, 
University of Kansas Medical School, Kansas City, Kans. 


Ceroid pigment is found in tissues associated with a variety of con- 
ditions including some types of experimentally induced liver tumors. 
The pigment was first described by Edwards and White (1), and Lillie, 
Daft, and Sebrell (2) in dietary cirrhosis of rats. Later Edwards and 
Dalton (3) noted a comparable pigment in mice. Pappenheimer and 
Victor (4) first discovered similar pigment in human tissue and suggested 
that the ceroid is not due to cod liver oil, but to vitamin E deficiency, an 
opinion still favored by some (5-7). 

The histologic characteristics of this pigment have been summarized 
by Endicott and Lillie (8) in 1944. According to them, ceroid pigments 
are always acid-fast, positive for fluorescence, and stain for fat in both 
frozen or paraffin sections. Some other suggested specific reactions in- 
clude intense staining with pyronin-methyl green (9). These authors 
(8, 9) claim that the ceroid pigment is always iron free. On account of its 
acid-fast and fat-staining properties despite the use of lipid solvents in the 
usual paraffin embedding, the investigators presume it is some kind of 
lipoid material in combination with protein. The exact nature of ceroid 
is still uncertain. 

During studies on the experimental pathology of liver in rats and mice 
(10-12), this pigment was observed under a variety of different circum- 
stances. Observations on its production and histochemical character- 
istics are presented. 


MATERIALS AND METHODS 


Tissues examined include cirrhotic livers induced in Albany strain 
rats by low-protein and low-choline diet, and cirrhotic livers induced in 
strain A mice both by repeated feeding of carbon tetrachloride and by a 
synthetic diet containing o-aminoazotoluene. (Details of all diets are in 
table 1.) Liver tissues from mice after single doses of carbon tetra- 
chloride and after ligation of a lobe of the liver were also studied. These 
tissues were fixed in 10 percent formalin, Stieve fluid (13), and absolute 
alcohol. Both frozen sections and paraffin sections were studied. 

1 Received for publication, July 7, 1950. 
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The staining methods used include: acid-fast [Verhoeff (14)]; oil red O 
(14); Sudan black (14); pyronin-methyl green (15, 16); Gomori’s modifi- 
cation of Perls’ reaction for iron (17); Hotchkiss leucofuchsin test for 
polysaccharides (18) and Feulgen reaction for desoxypentose nucleic 
acid (19, 20) and aqueous basic fuchsin. 


RESULTS 
Tue Pigment oF EXPERIMENTAL CIRRHOSIS OF Rats AND MICE 


The relation of the diet and the pigment.—Large amounts of typical 
ceroid pigment were present in the cirrhotic liver, spleen, lungs, and 
lymph nodes of the rats maintained for months on a diet low in protein and 
choline (table 1) which was supplemented by 0.5 percent cystine. The 
content of cottonseed oil was 10 percent, which contained 5.6 mg. a-toco- 
pherol per 100 gm. of diet (21). Other constituents of this diet contained 
only traces of a-tocopherol. Therefore, the vitamin E intake was slightly 
below the daily requirement of 0.75 mg. (22). However, another group 
of animals was on a low-vitamin E diet (table 1, column D) for 10 months 
in which the a-tocopherol content was below 2 mg. per 100 gm. of diet. 
Their livers appeared normal and free of ceroid pigment. These groups 
indicated a close relationship between cirrhosis and the ceroid pigment. 
A vitamin E deficiency does not necessarily cause ceroid pigment in the 
liver of the rat. 


TaBLE 1—Composition of diets: (A) low protein and choline, (B) low protein and choline 
containing carcinogen, (C) high protein and low vitamin E, and (D) 0-aminoazotoluene 


COMPOSITION OF DIETS 








A B Cc D 

Casein (alcohol extracted)_-| 5%-------- ee , = 6%. 
RN MN is ice can asec ecindnones Ree , =e "ee 50%. 
Saar , See ee ., ae 15%. 
wen oil (Wesson oil) -| 10% .-----  , ae REE 2 

oe Se | ees .. ES SAS 
Shieos ES RE EE! OCS, i ee 24%. 
Cod liver oil U. 8. P___---_- | ae NR See: , Se 1%. 
Mendels salts, no. 351 !____- _, REE | ees ee 4%. 
EEE EES . ===  , ee , = 0.5%. 
Cholesterol c. p_....------- 0.5%. -....- | Se _ , a 
OS GEERT! SEES EA SERED R NS CAE. 50 gm/kg 
» eS RSS 10 mg/kg-_--| 10 mg/kg_--| 10 mg/kg__-|_-.__-_-_--- 
J 7  _ ae 20 mg/kg-_--| 20 mg/kg_-__| 20 mg/kg__-|__-_--_----- 
SE ans 10 mg/kg_--| 10 mg/kg___| 10 mg/kg___|_____-_-_--- 
Calcium pentothol ?_______- 100 mg/kg__| 100 mg/kg_-_} 100 mg/kg_-_|__-_-__-.--- 
p-aminobenzoic acid ?_____- 100 mg/kg_-_| 100 mg/kg-_-_| 100 mg/kg__|____.__-_--- 
2-methylnaphthalene ?_____-_ o mgag....| 0 Meee....| 5 MeES....|..-....6.-s- 
p-dimethylaminoazobenzene-_|__....._--_-- ER, ee eee 
EE Ee), Se ae 0.6 gm/kg. 




















‘7. Nutrition 14: 273-285, 1 
4 Furnished by Merck & ow <_— Rahway, N. J. 


In cirrhosis of mice induced by repeated feeding of carbon tetra- 
chloride, the liver also showed large amounts of a similar pigment. Their 
diet was Purina laboratory chow which is believed to have an adequate 
content of essential foodstuffs. 
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Comparison of the pigments in rats and mice.—Histologically, these pig- 
ments in both rats and mice were yellowish-brown spherical granules 
in phagocytes which were concentrated in fibrous tissue around the newly 
formed lobules. Different histologic methods were applied for their 
identification. The results can be summarized as follows: 

(a) Fat stain——The pigments in both rats and mice were stained well 
by oil red O and Sudan black in frozen sections as well as in paraffin 
sections (fig. 2). However, in mice the pigment induced by feeding either 
carbon tetrachloride or o-aminoazotoluene did not stain as brilliantly as 
that in rats. In contrast to the findings in rat tissues, some of the mouse 
pigments did not stain as strongly in paraffin sections as in frozen sections, 
but most of them stained as well even after absolute alcohol fixation, 
which would tend to extract some lipids. 

(b) Acid-fast stain —The rat ceroid stained brilliant red, while the 
mouse pigment was dull red (fig. 1). The various fixatives did not affect 
the staining appreciably. 

(c) Periodic acid-leucofuchsin reaction of Hotchkiss—Both pigments, 
which showed positive results, were deep red, situated in the phagocytes, 
and could be easily differentiated from the glycogen, which was violet, 
granular, and in the hepatic cells (fig. 5). Saliva digestion of control slides 
prevented the staining of glycogen in hepatic cells but did not alter the pig- 
ment stain, indicating that it did not contain glycogen. The staining was 
comparable after different types of fixation. Recently, Elftman, Kaunitz, 
and Slanetz (5) found the same phenomenon in pigment from vitamin E 
deficiency and considered it a sensitive indication of that pigment. As 
with the positive Schiff reaction, a few ceroid masses were stained in con- 
trol sections (without periodic acid treatment) of tissue fixed in Stieve 
fluid, but not in alcohol preserved material. 

Gomori’s glycogen stain.—Gomori’s silver reduction method for glycogen 
was used. The pigment in both animals became dark brown in contrast to 
the deep black of glycogen granules. This darkening of the ceroid was not 
affected by saliva digestion to remove glycogen in control slides. 

(e) Pyronin-methyl green stain—Gyérgy (9) demonstrated that the 
ceroid pigment stained violet by pyronin-methy] green and considered it to 
be a sensitive method of demonstrating this pigment in rats. In the pres- 
ent series both mouse and rat pigments showed varying intensity of 
staining, ranging from dark red to violet (fig. 6). Furthermore, the stain- 
ing was only shown in part of the granules, and a large amount of yellow 
pigment remained unstained. This difference was also seen in prepara- 
tions stained with aqueous basic fuchsin. Therefore, two kinds of pig- 
ment could be classified in both animals. One was either red or violet, 
round, in well-defined granules; the other one was more diffuse and 
unstained. 

(f) Schiff and Feulgen reactions——The mouse pigment studied did not 
give positive results either with (Feulgen reaction) or without (Schiff 
reaction) acid hydrolysis. Some of the rat pigment gave a positive 
reaction in the periphery of the granules. The violet red substance 
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frequently appeared in a crescent or ring shaped area surrounding yellow 
unstained pigment (fig. 4). The color reaction was reddish-violet in 
contrast to the bluish-violet of the nucleus. This staining was not a true 
Feulgen reaction for desoxypentose nucleic acid because it showed up as 
well in control sections without acid hydrolysis. 

(g) Iron reaction of Perls—A large number of tissues was examined 
by the usual hot acetic acid ferrocyanide technique and Gomori’s modifi- 
cation (17). The latter frequently gave better results. In most of the 
animals, especially the rats, the pigment was usually free of iron. How- 
ever, a considerable amount of mouse pigments did show some blue color, 
although it was a diffuse light blue instead of dark blue and granular. 
In a few rats treated with diets low in choline or containing p-dimethyl- 
aminoazobenzene (table 1), similar iron reactions were shown (fig. 3), 
but the number of positive reactions in rats was much less than in mice. 
The use of ferricyanide, which is supposed to indicate ferrous ions (17) in 
place of ferrocyanide did not show similar results. 

(h) Other stains—No metachromatic staining of the pigment was 
demonstrated by thionin. The use of methylene blue staining at pH 4, 
5.5, and 7 showed more blue color at pH 7, but even at pH 4 it stained 
green. With Heidenhain’s connective tissue stain (14) the mouse pigment 
stained green or light blue in contrast to deep blue of the connective tissue. 
The rat pigment was only slightly stained and hence remained yellow in 
color. 

This comparison indicates that these two pigments were not completely 
comparable, but on the basis of acid-fast and fat staining, both can be 
classified as ceroid pigment. Since these mice were on a diet of laboratory 
chow presumably not deficient in vitamin E, the ceroid pigment was pre- 
sumed to arise from the breakdown of necrotic tissues. To study this 
assumption further, the following experiments were done. 


Tue PropvucTION oF PIGMENT IN NEcROsIS OF LIVER IN THE Mousse 


Necrosis induced by carbon tetrachloride——Necrosis of the liver was 
induced by oral administration of a solution of 0.1 cc. of 40 percent carbon 
tetrachloride in olive oil to strain A mice (11). Necrosis of the central 
areas of the liver lobule occurred within 1 or 2 days. A few yellow 
granules could be seen about 10 days later when the necrosis was repaired. 
This material was usually in the phagocytes and frequently located in the 
central area. This localization itself suggests some relation to necrosis. 
The histochemical characteristics can be summarized as follows: 

(a) Fat stain—The pigment in frozen sections stained deep red with 
oil red O, and reddish-brown in paraffin sections. It stained dark green 
with Sudan black B. The tissue fixed in Stieve fluid showed better results 
than after alcohol fixation. 

(b) Acid-fast stain.—As after the long-term carbon tetrachloride treat- 
ment, the pigment was dull red instead of brilliant red. The fixation in 
absolute alcohol tended to reduce this property of acid-fastness. 

(c) Hotchkiss reaction—aAs in the liver after repeated feedings of 
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carbon tetrachloride, the pigment stained red instead of violet. Control 
sections without the periodic acid treatment did not show this reaction. 
Alcohol fixation has the tendency to remove this staining material. 

(d) Pyronin-methyl green and Schiff reactions —The pigment remained 
unstained after all types of fixation. 

(e) Iron reaction.—The pigment gave a positive stain for iron. 

In the staining of these tissues the fixation and paraffin embedding were 
important. The material responsible for acid-fastness, fat staining, and 
Hotchkiss reactions was considerably decreased after alcohol fixation. 
This may have been due to the dissolving of some of the constituents of 
the pigment with quantitative or qualitative changes in the stainable 
material. A series of mice which had four feedings of carbon tetrachloride 
within 1 month showed stronger fat stains even in alcohol fixation. 

Necrosis induced by ligation.—Necrosis of the liver was also induced by 
interruption of the blood supply to liver tissue by ligation. Three month 
old male, strain A mice fed on the laboratory chow were used for this 
experiment. After opening the abdominal cavity, a part of the right 
lower lobe was ligated with cotton thread. Animals were killed at 1, 2, 
3, 4, 6, and 8 weeks and 4 and 6 months after the operation, and tissues 
from the ligated part fixed in 10 percent formalin. 

In preparations stained with hematoxylin and eosin a number of 
yellowish-brown unstained granules could always be seen in the junction 
of necrotic and viable areas. 

As shown in table 2 the changes of acid-fast, fat staining, Hotchkiss, 
and pyronin-methyl green were rather striking. They were stronger in 
the later stage and more similar to the ceroid pigment of carbon tetra- 
chloride treated mice. By contrast, an abundant positive iron reac- 
tion occurred at early stages but the intensity of some granules decreased 
or disappeared completely in later stages. 


TABLE 2.—Histochemical and staining reactions of ceroid pigment in necrotic mouse liver 








tissue 
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(—) negative; (0) diffuse weak reaction, not ceroid, at edge of necrosis; (?) weak and somewhat indefinite reac- 
tion, probably ceroid; (+) variable; and (+) positive reaction for ceroid. 


It should be noted also that marked fat staining, even on paraffin 
sections, was demonstrable in the periphery of necrotic tissue during the 
first 2 weeks. Likewise, recent necrosis of the liver and kidney induced 
by other means showed the same staining. Some of the paraffin sections 


were immersed in xylol for more than 10 minutes and no decrease of 
stainable fat was noted. 
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This peculiar lipid occurred at the same time the positive iron stain 
was noted but it was not exactly in the same area and the same amount. 
Although this relation may suggest different origins; nevertheless, their 
association with necrosis and pigment formation and the resemblance of 
this lipid and ceroid pigment are of interest. 


DISCUSSION 


The complex nature of ceroid has been clearly demonstrated in the 
different histologic reactions such as Schiff reaction, iron reaction, pyronin- 
methyl green stain, and basic fuchsin. Only a part of the pigment gave 
a positive reaction while the other part remained unstained. The differ- 
entiation of two components in ceroid pigment in the early papers 
of Edwards, White, and Dalton (1-3) has been overlooked by many 
investigators. 

The Hotchkiss reaction and Schiff’s reaction of ceroid pigment in cir- 
rhotic liver have not been reported by other workers (10). Controls on 
both tests showed that the substance is not specifically glycogen or des- 
oxyribonucleic acid. Although both of these reactions are based on the 
leucofuchsin reaction, the different distribution and morphology of posi- 
tive staining material indicated its diverse composition under different 
conditions. The positive Schiff reaction did not indicate a Feulgen plas- 
mal reaction because it was not completely prevented by lipid solvents. 

Most investigators maintain there is no demonstrable iron in ceroid, 
although the early workers mentioned its presence (1-3). The negative 
iron reaction of ceroid is accepted by some as a criterion for its identifi- 
cation. The present observation showed that in most cases the pigment 
was iron free, but some of the ceroid pigment granules did show a definite 
iron reaction, especially in the mouse. Although infrequent, its signifi- 
cance cannot be overlooked. 

The significance of iron-containing pigment was implied by the second 
part of the experiment. It demonstrated first that the pigment of mouse 
liver seen after a single treatment of carbon tetrachloride gave a somewhat 
complex reaction between ceroid (acid-fastness and lipid properties) and 
hemoglobin derivatives (iron reaction). This pigment was affected by 
different fixatives, particularly those with some lipid solvent action. 
Furthermore, the pigment induced by partial ligation of liver gave a 
chronological picture of these changes from hemoglobin derivatives to 
ceroid, as evidenced by the increase of acid-fastness, fat staining and 
weakening of iron reaction in the later stage. It indicated the associa- 
tion between necrosis of the liver and the ceroid-like pigment. Both of 
these experiments seem to exclude the role of vitamin E deficiency be- 
cause all the mice were on laboratory chow throughout their lives. 

It might be suggested that the pigment in mice observed after carbon 
tetrachloride treatment and partial ligation is simply hemosiderin. This 
is not the case because 1) the hemosiderin does not contain fat, is not 
acid-fast, and unstained by Hotchkiss reaction and pyronin-methyl green 
2) the hemosiderin is usually removed and transported to other places 
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in later stages, and 3) the iron reaction of hemosiderin is deep blue and 
granular. The pigment seen in cirrhosis and later stages of partial liga- 
tion is light blue and diffuse. Apparently iron is one constituent of the 
pigment in addition to others. 

In the present experiment necrosis of hepatic cells may be an important 
factor in producing the ceroid pigments in mice. The presence of lipid in 
early stages of necrosis of mouse liver is worthwhile to consider in this 
connection. Its persistence despite treatment with fat solvents and its 
association with iron pigment both indicated the possibility that this 
lipid is one part of ceroid pigment in the later stage. It may mingle with 
iron pigment and be taken up by phagocytes. The fact that the mouse 
ceroid does not stain as brilliantly as the ordinary fat may be due to 
differences in the amount or type of lipid combined with the pigment. 

It has been shown that the ceroid pigments of mouse and rat are not 
identical in every respect. No direct conclusion can be made in regard to 
the relation of necrosis to ceroid pigment of the rat. However, the present 
observations do not support any direct relationship of ceroid pigment to 
vitamin E deficiency because it is abundant in cirrhotic liver but absent 
in noncirrhotic liver with a low vitamin E supplement. 

Most of the evidence favoring the relationship of vitamin E deficiency 
to ceroid pigment production is based on the similar staining character- 
istics of the two pigments. The frequently cited work of Victor and Pap- 
penheimer (7) is not conclusive. In fact, these investigators showed that 
vitamin E supplement partially inhibits the ceroid formation only in 
early experimental cirrhosis. They also showed that somewhat similar 
inhibition is exerted by a dietary choline supplement. It is apparent 
that the specificity of vitamin E deficiency in the etiology of this pigment 
is debatable. 

It is interesting to note also that the diet Victor and Pappenheimer 
used was low in choline and had 5 percent cystine. It has been demon- 
strated (23) repeatedly that diets with an excess of cystine are effective 
in inducing necrosis of the liver. Numerous investigators (24-29) claim 
that a-tocopherol can protect against liver necrosis induced by d ietary 
means and carbon tetrachloride poisoning. Therefore, the inhibiting 
effect of a-tocopherol on ceroid formation may be due to its protection 
against necrosis. The presence of ceroid in experimental cirrhosis is 
possibly explained by the same mechanism. Recently, direct evidence 
was given by Abell and Beveridge (30) that the ceroid pigment occurs 
only after necrosis of the liver in their rats on a low cystine diet. 


SUMMARY 


Histological and histochemical observations made on the ceroid-like 
pigment of the rats and mice induced by different means were compared. 
Although the pigment studied exhibited some similarity in acid-fast and 
fat-staining properties the variation in staining with iron reaction, periodic 
acid-leucofuchsin, Schiff reaction, basic fuchsin and pyronin-methyl 
green indicates that ceroid may be a variable mixture of substances. 
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Generally, the mouse pigment stains less intensely for fat and acid-fast 
properties than rat ceroid and gives a negative Schiff reaction. After 
pyronin-methyl green and basic fuchsin some pigment stains heavily, 
some remains unstained. Similar pigment, according to histological and 
histochemical criteria, was produced in mice following necrosis induced by 
partial ligation of a lobe of the liver and by a single feeding with carbon 
tetrachloride. An apparent transformation from an iron containing pig- 
ment to a ceroid-like pigment can be followed. During early stages of 
necrosis, an unusual lipid insoluble in ordinary fat solvents had a sugges- 
tive relationship to ceroid pigments. The evidence suggests that the 
ceroid pigment of the mouse is associated with and perhaps formed as a 
result of processes involved in necrosis of liver cells. Ceroid pigment of 
the rat may have a similar origin. 
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PLaTE 26 


Figure 1.—Acid-fast stain of ceroid pigment at site of mouse liver ligation 6 months 
previously. X 325. 

Ficure 2.—Oil-red-O stain in mouse liver after 4 biweekly feedings of 0.1 cc. 40 percent 
‘ earbon tetrachloride in olive oil. Paraffin section. X 325. 

Figure 3.—Rat liver after 34% months’ feeding of diet containing p-dimethylaminoazo- 

benzene stained for iron by the method of Perls. X 400. 

Figure 4.—Rat liver after low-choline, low-protein diet for 5 months. Paraffin 

section, left overnight in 95 percent alcohol and stained with Schiff reaction. 
400. 

Figure 5.—Area from same liver shown in figure 4. Ceroid pigment stained with 
Hotchkiss reaction. Identical areas stained with acid-fast technique. X 80. 
Figure 6.—Pyronin-methyl green stain mouse liver after 8 months repeated feedings 
with carbon tetrachloride. X 70. 
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INTRODUCTION 


In three earlier studies (1, 2, 3) fibroblasts of the strain C3H mouse were 
cultured in a heterologous culture medium of horse serum, chick embryo 
extract, balanced saline, and clotted chicken plasma. When the carci- 
nogen, 20-methylcholanthrene, was added to these cultures, marked 
changes in morphology and growth behavior occurred. The extent of 
these changes could be directly correlated with the period of treatment with 
carcinogen. When these altered cells were injected intramuscularly 
into strain C3H mice (4) at the injection site, tumors developed that were 
transplantable, occasionally metastasized, and ultimately caused death. 
These tumors arising from the altered cells were typical sarcomas. 

Cells grown in the absence of the chemical carcinogen later showed a 
similar but more limited morphologic alteration (3). On injection into 
strain C3H mice (4), these cells also produced sarcomas at the injection 
site. It could not be established from the data of these studies whether 
the ability of the cells to produce sarcomas resulted from a possible trace 
contamination of the cultures with the carcinogen (3, 4) or from a spon- 
taneous alteration of the cells arising from their extended growth in a 
heterologous culture medium. 

An attempt has been made in the present study to determine whether 
untreated mouse fibroblasts grown in heterologous culture medium ac- 
quire the ability to give rise to sarcomas on injection or whether a trace 
of 20-methylcholanthrene in the culture fluid is essential for this transfor- 
mation to occur. An attempt has also been made to detect any morpho- 
logic changes in the cells during their transformation. 


1 Received for publication, July 25, 1950. 
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MATERIALS AND METHODS 


Source of cells.—The plan of this study is shown in text-figure 1. Twelve 
series of cells were started in culture between November, 1943, and 
August, 1948, each from a different male, strain C3H, Andervont sub- 
strain mouse.” 


EXPERIMENTAL PLAN 
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TExtT-FIGURE 1.—Experimental plan of study. The type of tissue explanted, mouse 
strain, and series number are shown at the left. To the right of these columns 


are shown the chronologic relationship of the cell strains studied and the treatment 
of each. 


The subcutaneous adipose tissue explanted in four of the series was 
taken from the two lateral subcutaneous fat pads anterior to the hind legs. 
The skeletal muscle tissue used for all other series was from the abdominal 
wall. 

The tissue was dissected, cut into strips (5) approximately 1 by 3 by 
10 mm., and planted in D3.5 Carrel flasks in chicken-plasma clot or under 
perforated cellophane (6) to which 1 ml. of culture fluid was added; the 
culture fluid consisted of horse serum, chick embryo extract, and balanced 
saline as previously used (8). Representative strips of the tissue in all 
except the first three series were fixed in formalin-Zenker, sectioned, and 
stained with hematoxylin and eosin, and with hematoxylin and Van 
Gieson’s picrofuchsin. Representative strips of the skeletal muscle tissue 
were also injected into mice. 





1 Seven of these mice designated strain C3Hb were milk-factor free. The mice used in starting series 223, 224, 
and 225 were obtained from Dr. H. B. Andervont of this Institute. The nine other mice were obtained from Dr. 
W. E. Heston of this Institute, whose colony was separated from Dr. Andervont’s in 1941. 
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The culture procedures were identical to those used previously (3) with 
the exception that the cellophane substrate cultures were transplanted by 
scraping the cells from both surfaces of the cellophane with a platinum 
iridium spatula (3) and transferring the cell suspension by pipette to a 
sterile flask containing a sheet of perforated cellophane. 

Carcinogen treatment of cultures—The carcinogen, 20-methylcho- 
lanthrene,*® was introduced in the horse serum of the culture fluid. Approx- 
imately 30 to 50 mg. of 20-methylcholanthrene which had been ground in 
an agate mortar with a small amount of serum was added to about 2 liters 
of horse serum. This mixture was mechanically shaken 48 to 60 hours at 
3° C., and filtered by pressure through an .03 porosity, 2-by-10-inch 
Selas filter. Spectrophotometric analyses * indicated a concentration of 
0.20 microgram per ml. in the serum used for series 224 and 0.55 micro- 
gram per ml. in the serum used for series 274-277, 279-282. 

Since the horse serum constituted 40 percent of the culture fluid, the 
highest concentration of 20-methylcholanthrene used on the cells of series 
224 was 0.08 microgram per ml. of culture fluid, and in the later series 
0.22 microgram per ml. of culture fluid. 

The cultures were divided into groups for treatment. In series 224 
these groups consisted of the untreated controls (group A), cultures 
treated with 0.08 (group B), 0.008 (group C), 0.0008 (group E), and 
0.00008 (group F) microgram of carcinogen per ml. of culture fluid. One 
group of plasma controls without cells (group G) was treated with 0.08 
microgram of carcinogen per ml. of culture fluid. In series 274-277 and 
279-282, these groups consisted of the untreated controls (group 4A), 
cultures treated with 0.22 (group B), 0.01 (group C), and 0.001 (group E) 
microgram of carcinogen per ml. of culture fluid. 

The carcinogen treatment was started 10 days after subculturing of the 
cells and was continued for 21 days. Each culture received 10 renewals of 
carcinogen-bearing culture fluid. After the 10th fluid change, the cultures 
received 1 normal culture fluid renewal before their transfer to new flasks 
or injection into mice. 

In the carcinogen experiments, the preparation of the methylcho- 
lanthrene solutions and the opening of treated flasks occurred only after 
the culture fluid had been renewed on the control cells, and the flasks 
sealed. All glassware during the experiment that could possibly have been 
contaminated with the carcinogen was soaked 12 to 24 hours in sulfuric 
and nitric acids, heated with steam at a pressure of about 18-20 pounds 
per square inch (7). Rubber stoppers used to seal treated cultures 
were destroyed. 

Injection of cultures into mice.—At the times indicated in text-figure 1, 
groups of cultures were injected into strain C3H, Andervont substrain 
male mice of from 1 to 7 months of age.’ Strain C3H mice were used 
exclusively until September 1947. After this time, cultures derived from 
“’ Obtained from and purified by Dr. J. L. Hartwell of this Institute. M. P. 179.3-180° C., corrected. 

4 The spectrophotometric analyses were made by Dr. George Daniel of this Institute. 


5 Through 1945 all mice injected were obtained from Dr. J. W. Thompson of this Institute. After 1945 all mice 
injected were obtained from Dr. W. E. Heston. 


911992—51 13 











354 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


strain C3Hb tissue were injected with few exceptions into strain C3Hb 
mice, while cultures from strain C3H tissue were injected into strain 
C3H mice. 

The injection procedures were identical to those used previously (4) 
with the exception that one group of injections of series 1,004 was from 
cellophane substrate cultures. The cells of these cultures were loosened 
from the cellophane sheet with a platinum iridium spatula, and the sus- 
pension of cells in culture fluid was drawn into a tuberculin syringe fitted 
with a 23-gauge, 14-inch needle. Other cultures grown under cellophane 
were transferred to plasma-clot substrate for one or two transplant genera- 
tions before injection. The approximate periods of growth under cello- 
phane and in plasma clot are shown in text-figure 1. 

Photographie records of cultures—Photographic records of randomly 
selected plasma-substrate cultures were made at the times indicated in 
text-figure 1, by means of the photomicrographic procedures previously 
described (8, 9). The cells were photographed at the glass interface near 
the periphery of the culture approximately 9 to 11 days after subculture. 


RESULTS 


Results of injections.—The results of mouse injections are summarized 
in text-figures 2, 3, 4, and 5. 

With the exception of series 223, cells of all series grown in culture for 
at least a year eventually gave rise to sarcomas on injection. Cultures 
of series 223 were carried in vitro for a total of 41 months, at which time 
the strain was lost due to a bacterial contamination. During this period, 
193 cultures were injected which showed no evidence of sarcoma-producing 
ability. 

A total of 305 untreated cultures of series 224 was injected during the 
first 46 months in vitro, none of which gave rise to a sarcoma. In August 
1947, 5 of 52 untreated cultures gave rise to tumors at the injection sites. 
Two of these 5 tumors appeared between 18 and 33 days after injection, 
and the remaining 3 between 39 and 47 days. 

All tumors were diagnosed as sarcomas, the cells of which extensively 
invaded, segregated, and destroyed the muscle bundles (fig. 1). No 
metastases or capsule formation was observed. Two of the sarcomas 
were subinoculated. One failed to take on subinoculation; the other 
yielded sarcomas in 6 of 16 mice injected. 

Of 238 mice subsequently injected with untreated cultures of series 224, 
4 developed sarcomas appearing between 33 and 60 days after injection. 
Three of these mice had been injected with 3 cultures each (text-fig. 2) 
to increase the size of cell inoculum. 

Injections of the original mouse tissues used for explantation in series 
274-277 and 279-282 (indicated by hexagons in text-figs. 3 and 4) gave 
no evidence that the original tissues of these series could give rise to sar- 
comas. 

A total of 28 untreated cultures of series 275 was injected during the 
first 4 months in vitro. These cultures failed to produce sarcomas. After 
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18 months of growth, in April 1949, each of 25 cultures injected gave rise 
to a sarcoma at the injection site. In 11 of these mice the tumors were 
palpable as early as 7 to 11 days after injection. Five sarcomas were 
subinoculated and grew in all mice inoculated. 

In series 281, all 21 injections made during the first 4 months of culture 
were negative. By the 17th and 18th months of culture, in March and 
April, 1949, each of 53 untreated cultures injected gave rise to a sarcoma 
at the injection site; 16 of these sarcomas were palpable as early as 10 to 
11 days after inoculation. Thirteen of the sarcomas were subinoculated 
and grew in all mice inoculated. 

Cultures of series 1,004 were first injected in May 1949, when this strain 
of cells had been grown in vitro for 10 months. Of the 47 cultures injected 
in the subsequent months, each gave rise to a sarcoma at the injection 
site; 21 of these sarcomas appeared within 10 days after injection. Five 
were subinoculated and by 7 days had grown to palpable size in all sub- 
inoculated mice. 

Cultures of series 225, 274, 276, 277, 279, 280, and 282 were carried for 
only 4 or 5 months after explantation during which time a total of 186 
injections was made. All of these injections were negative. 

When the untreated control cells of series 224 were found to produce 
sarcoma on injection, the carcinogen treatment of this series had already 
been started. The carcinogen-treated cells were continued and injected 
at intervals for a period of 13 months after treatment to determine whether 
the carcinogen treatment would increase the incidence of sarcoma produc- 
tion. A total of 319 carcinogen-treated cultures of series 224 was injected, 
157 of group B, 55 of group C, 46 of group E, 61 of group F, and 28 plasma- 
clot controls of group G. Three cultures, one each of groups B, C, and 
F produced sarcomas on injection. As may be seen from text-figure 2, 
there is no evidence that the limited carcinogen treatment of series 224 
caused any change in the ability of the cells to induce sarcomas on injec- 
tion. 

The carcinogen-treated cultures of the other series were closed at the 
13th transplant generation after a total of 149 treated cultures had been 
injected. Of these cultures, 105 were of group B, 24 of group C, and 20 
ofgroup E. The final injections of series 281 treated cells yielded sarcomas 
from 5 of the 10 cultures of group B injected. The data from injections 
of the carcinogen-treated cells of series 274-277 and 279-282 are too 
limited to draw any conclusion as to whether the carcinogen accelerated 
or intensified the sarcoma-producing response of the cells. 

Morphologie study.—Microscopic examination of sections of the tissue 
explanted from the mice to culture revealed no areas suggestive of 
sarcoma in the original tissues. 

To determine whether changes in cell morphology which might be 
correlated with the transformation of fibroblasts to cells able to give 
rise to sarcomas on injection occurred during culture, photographic 
records of each series of cells were studied and compared. 
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During the first four transplant generations, or the first 5 or 6 months 
of growth in vitro, the cultures of all series showed the variable mor- 
phologic pattern usually observed in cultures from recently explanted 
adult tissue. Growth was often scant and loose. There were marked 
irregularities of cell size and shape, and frequent necrotic cells. An 
example of such an unstabilized pattern of growth is shown in figure 2. 

By about the seventh month after explantation, the cultures developed 
the more stable morphology previously described for normal, untreated 
cultures (3). This normal pattern is illustrated in figure 3. The cells 
were elongate, spindle-shaped, frequently with slender terminal processes, 
or with one end of the spindle flattened and amoeboid appearing in 
outline. Cells at the margin of the culture generally formed loose strands, 
radially oriented with respect to the explant, and separated from each 
other laterally. Occasional strands of cells showed limited looping or 
whorling. 

In some series, such as 223, 281, and 1,004, this design of culture tended 
to persist throughout the entire period of culture. In other series, 
however, an alteration in morphology occurred: the cells shortened, lost 
their slender terminal processes, and became more laterally cohesive, 
forming cell sheets and broader strands of cells. Such an altered pattern 
is illustrated in figure 4. The majority of cultures of series 224 and 
275 showed this altered pattern by the 31st and the 17th transplant 
generations, respectively. 

A further morphologic alteration was observed in the later cultures of 
series 224. The cells appeared shortened, with a less well defined longi- 
tudinal axis. They were irregularly poly gonal in shape, and appeared 
to vary in size. Lateral cohesiveness was intensified and resulted in a 
sheet-like growth with fewer strands of cells at the margin. This very 
much altered design is illustrated in figure 5. Most of the cultures 
showing this very much altered design were from series 224 after the 
49th transplant generation in vitro. 





TEXxT-FIGURE 2—Genealogy of injected cultures of series 223, 224, and 225. The 
column at the right gives the number of cultures injected at the close of each trans- 
plant generation. The number of the transplant generation and the date of planting 
are indicated at the left. Each circle represents a tissue culture. Not all cultures 
studied are shown as circles, but only those necessary to indicate origin of culture 
lines used for injection. Each square denotes a group of cultures injected into mice. 
The number in the square indicates the number of cultures each of which was 
injected into a different mouse. Unshaded, lightly outlined squares indicate un- 
treated cultures from which no tumors arose; shaded, lightly outlined squares 
indicate untreated cultures from which tumors arose; unshaded, heavily outlined 
squares indicate cultures treated with carcinogen that gave no tumors on injection, 
while treated cultures that gave tumors are indicated by shaded, heavily outlined 
squares. In series 223, 224, and 225 an additional 99 cultures not recorded were 
injected into mice that died before 80 days. These mice showed no evidence of a 
tumor on autopsy. 

*Three cultures were injected into each of the 12 mice. 
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TEXtT-FIGURE 3—Genealogy of injected cultures of series 274-277. Legend the same 
as in text-figure 2, except that each hexagon denotes a group of implantations of 
original tissue into mice. In series 274-277, an additional 22 cultures not recorded 
were injected into mice which died before 80 days. These mice showed no evidence 
of a tumor on autopsy. 
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TEXT-FIGURE 4—Genealogy of injected cultures of series 279-282. Legend the same 
as text-figure 3. An additional 13 cultures not recorded were injected into mice which 
died before 80 days. These mice showed no evidence of a tumor on autopsy. 
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Text-FIGURE 5—Genealogy of injected cultures of series 1,004. Legend the same 
as in text-figure 2. 


The analysis of photographic records of the untreated cultures is 
presented in text-figure 6, in which the percentages of cultures showing 
the normal, altered, and very much altered patterns are indicated. 
Although within each series one morphologic pattern predominated, some 
variations always occurred. In series 224 and 275 the predominant 
pattern was the altered morphology, whereas in series 223, 281, and 
1,004, the predominant pattern was the normal morphology. 
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TEXT-FIGURE 6.—Analysis of photographic records of untreated cultures. The 
percentage incidence of morphologically normal, altered, or very much altered 
cultures is indicated by bar graph for each series. The number by each graph 
indicates the total number of photographs analyzed. All photographs taken 
during the first 6 months after explantation of the original tissue are excluded 
—- the majority of the cultures during this interval showed the unstable mor- 
phology. 


Photographs of the carcinogen-treated cultures were compared with the 
photographic records of the untreated control cells. The photographs of 
carcinogen-treated cultures, including 87 of series 224 and 73 of the later 
series, were taken at intervals during a period of 10 to 13 months after 
treatment (text-fig. 1). Although the number of photographic records 
was limited, the analysis revealed no significant differences in morphology 
between carcinogen-treated and untreated control cultures. 

The relationship between the morphologic changes observed in the 
cells and the sarcomatous transformation of the cells was then analyzed 
to determine whether the two phenomena could be associated. Although 
there were trends toward increased morphologic alteration, in series 224 
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and 275, the time of appearance of these alterations could not be definitely 
associated with the time the cultures changed in their ability to produce 
sarcomas on injection. When all cultures that were both photographed 
and injected were tabulated and analyzed separately, both morphologically 
normal and altered cultures were found to have produced sarcomas. To 
indicate the range of morphologic design of cultures able to give rise to 
sarcomas, two are illustrated in figures 6 and 7. 


DISCUSSION 


An attempt has been made in this study to determine whether mouse 
fibroblasts grown in heterologous culture medium acquire the ability to 
give rise to sarcomas on injection or whether a trace of 20-methylcholan- 
threne in the culture fluid is essential for this transformation to occur. 
Two experimental conditions obtained. Five series of fibroblasts, each 
taken from a different strain C3H mouse were grown for at least a year 
in heterologous culture medium in the absence of any known chemical 
carcinogen. To certain of these cultures, low concentrations of 20- 
methylcholanthrene were added. 

Of the 5 series of cells grown in the absence of any known chemical 
carcinogen, all but one eventually became able to produce sarcomas on 
injection. The one exception, series 223, was accidentally lost, due to a 
bacterial contamination after 2% years in vitro, during which time 193 
negative injections were made. Since injections of the parallel series 224 
were also negative during this interval, but later gave rise to sarcomas on 
injection, data are considered inadequate for conclusion regarding the 
ultimate behavior of series 223. On the basis of the other 4 series, it is 
concluded that fibroblasts of the strain C3H mouse grown in the hetero- 
logous culture medium used, and in the absence of any known carcinogenic 
agent, acquire the ability to give rise to sarcomas on injection. 

Although the role of the carcinogen, 20-methylcholanthrene, in acceler- 
ating or intensifying this transformation has not been thoroughly investi- 
gated, there is no evidence from the data of this study that the carcinogen, 
in the dosage range tested, induced any change in the ability of the cells 
to produce sarcomas. 

An effort was also made to detect morphologic changes in the cells 
that might be associated with their sarcomatous transformation. The 
study revealed considerable morphologic variability. Culture patterns 
were observed similar to those which have been demonstrated as initial 
steps in the cumulative effect of 20-methylcholanthrene on cultured mouse 
fibroblasts (3), and similar to those described by Parker (10) in untreated 
fibroblasts derived from Albino Swiss mice. The factors causing this 
morphologic variability are not clear, but apparently in two series of 
this study different strains of fibroblasts were propagated that showed 
greater morphologic alteration than occurred in the other three series. 
Although such differences in cell morphology must reflect as yet unex- 
plained differences in cell function, no correlation could be established 
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between the morphologic transformations observed and the change in 
the ability of the cells to produce sarcomas on injection. The study 
thus failed to detect any morphologic changes that could be definitely 
associated with the sarcomatous transformation of the cultures. 

Although the data with regard to morphology of carcinogen-treated 
cultures are limited, the fact that the treated cultures failed to show 
further alterations than the control untreated cultures appears to indicate 
that the low dosages of 20-methylcholanthrene used were subliminal for 
induction of recognizable morphologic alterations as compared with 
the effective concentrations of 1 to 10 micrograms per ml. of culture 
fluid used in the earlier studies (1, 2, 3). 

The main finding of this study is that the transformation of apparently 
normal cells to cells able to give rise to sarcomas is a reproducible response 
of the strain C3H mouse fibroblast to the culture conditions used. Such 
a transformation appears not to be limited to fibroblasts of the strain 
C3H mouse, since Gey and co-workers (11) found that fibroblasts derived 
from an inbred strain of Philadelphia albino rat and also cultured in a 
heterologous culture medium gave rise to sarcomas on injection. Not 
all of the cell strains showed this response, however, for Gey described 
one cell line which for a period of 10 years gave no evidence of being able 
to give rise to sarcomas. 

In the present study, the transformations in the four series showed 
certain variations. In series 224, the incidence of sarcomas produced 
from injected cultures was low. In all other series the incidence became 
100 percent. In series 224, the transformation first became manifest 
after 46 months of culture. In series 275 the transformation evidently 
occurred between 12 and 18 months of culture, in series 281 between 4 
and 12 months, and in series 1,004 before 10 months of culture. The 
striking difference between the early series, 224, and the later series, 
both in the ability of the cells to produce sarcomas and in the time of 
occurrence of the transformation, may possibly be the result of certain 
variations in experimental conditions. The mouse used in starting series 
224 was from Andervont’s original stock, while those animals used in 
all other series and for the injections of all series, including 224 after 1945, 
were from Heston’s stock, which had been separated from the original 
stock for about 5 to 6 years. Whereas the behavior of animals from 
different colonies of the same inbred strain of mice should be similar, 
there may have been some physiologic differences in the responses of 
animals from these two stocks. A second variant was the solid substrate 
used for growth of the cells. The cells of series 224 were cultured in 
chicken-plasma clot, whereas those of series 1,004 were grown under 
perforated cellophane until one or two transplant generations before 
injection (text-fig. 1). All cultures of series 275 and 281 which produced 
sarcomas, with the exception of 5 cultures of series 281 in the 13th trans- 
plant generation, had been grown for a short time under perforated 
cellophane, and were returned to plasma clot substrate for injection 
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(text-fig. 1). Since transformations occurred in two series of cells that 
were cultured in plasma clot only, the cellophane substrate cannot be 
considered the specific transforming agent, but the cellophane may have 
been a factor in accelerating the transformation. 

These transformations induced by unknown extrinsic or intrinsic 
factors in tissue culture raise certain questions and problems for con- 
sideration and speculation. 

One question concerns the mechanism of the transformation. Did the 
transformation represent a true change in the cells or merely a shift in 
cell population toward a cell type originally present in small numbers 
which through the process of selection came to dominate the cultures? 
Although the data indicate that the cells started in culture were not 
recognizable sarcoma cells, it is possible that unrecognizable latent sar- 
coma cells may have been present in the tissues of the four series that 
eventually gave rise to sarcomas. Whereas the growth potentialities of 
these cells in the body may have been restricted by controls exerted by 
the organism, such cells removed from the restraining influence of the 
host and grown in tissue culture, particularly in a completely heterologous 
culture medium, may have proliferated to such numbers as to be able to 
produce sarcomas when injected. Such latent sarcoma cells because of 
their growth potentialities might be better adapted to autonomous 
growth in vitro and gradually overgrow the normal tissue cells. 

Such a concept involves several assumptions: 

1) that unrecognizable, latent sarcoma cells are widely distributed 
through the adult skeletal muscle and adipose connective tissue of 
the mouse. 

2) that such cells removed from body control and grown in com- 
pletely heterologous culture medium tend to overgrow normal tissue 
cells, and 

3) that such cells are capable of inducing sarcomas only when 
sufficient numbers are present in the organism. 

This concept of the selective propagation in tissue culture of unrecog- 
nized latent sarcoma cells might explain the results obtained with series 
1,004. After a prolonged initial period of 6 months during which migra- 
tion, proliferation, and necrosis of cells were observed, and during which 
selective forces must have operated, a sufficient growth of cells occurred 
for transplantation of the culture. A strain of cells was derived which 
grew so rapidly that cultures had to be transferred at 2-week intervals. 
When this strain of cells was tested after 10 months’ growth in vitro, every 
culture injected produced a sarcoma at the injection site, many of which 
were palpable growths by 10 days after injection of the cell clump. Such 
data might suggest that latent sarcoma cells, present but unrecognized in 
the original tissue, gradually outgrew the normal cells during the first 6 
months in vitro and reached a concentration in culture sufficient to produce 
sarcomas by the 10th month in vitro. 

When the data from series 224 are considered, however, the concept 
seems less plausible. In this series, cultures were carried for 46 months 
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through 48 transplant generations before sarcomas were produced by any 
of the 305 cultures injected. In the 49th transplant generation, of 52 
cultures injected, 5 produced sarcomas. When a strain of cells has been 
purified and stabilized by 48 consecutive transfers in vitro, over a period 
of almost 4 years, the sudden appearance of a transformation in several 
cultures suggests some transforming mechanism other than overgrowth 
of the cultures by a cell type present during the entire period of culture. 
Whereas a shift in cell population could theoretically occur after such a 
prolonged period of cell proliferation and consecutive transfers in vitro, 
this mechanism of transformation appears improbable. 

An alternative concept is that an actual change occurred in the cells 
during the period of culture. If this concept is accepted, in at least one 
series, 281, several such cell changes occurred, since each of three cell lines 
completely separated from each other from the time of planting eventually 
became able to produce sarcomas. 

Although the nature and cause of such true cell changes are unknown, 
several possibilities might be considered. The cell transformations were 
associated with the culture of the tissue cells in vitro. This culturing 
involved two processes: 

1) the removal of the tissue from the physiologic control of the 
animal, and 

2) the growth of the cells in a new environment and in an entirely 
heterologous culture medium. 

The removal of cells from the physiologic control of the animal by 
extirpation of the tissue might release greater proliferative activity, since 
in the differentiated organism some of the initial proliferative capacities 
of many cell types appear to persist but to be kept in check by body con- 
trols. This greater proliferative activity once released might persist even 
after return of the cells to the mouse. This concept involves the assump- 
tion that the removal of the cells from the host controls induced, either 
directly or indirectly, a permanent alteration in the cells such that their 
proliferation in vivo continued at an accelerated rate. 

An alternate possibility is that the culture of the cells in a completely 
heterologous medium could have induced the cell change. There is some 
evidence from studies of the nutritional requirements of microorgenisms 
that inherent synthetic capacities may be altered, and that specific sub- 
strates can influence enzyme formation (/2). Since the transformation of a 
normal to a cancer cell may represent an alteration in the enzymatic 
activities of the cell, the growth of cells in a heterologous medium might 
have induced the transformation. 

The relatively permanent cell transformations of this study may 
probably be traceable to changes in the composition or distribution of 
intracellular self-reproducing entities, whether nuclear or cytoplasmic in 
origin. The transformations appear not to be associated, however, with 
activity of the milk factor, since transformations occurred in two series of 
cells derived from milk-factor-free mice and injected into milk-factor- 
free mice. With the accelerated rate of proliferation occurring in tissue 
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cultures resulting in large populations of cells, some changes in these self- 
reproducing entities, leading to new variants, might be expected. 

Whether such heritable alterations resulted from an intrinsic instability 
of the cell or whether the changes were induced by specific extrinsic factors 
is not clear. The culture of cells in as complex a culture medium as that 
used in these studies may introduce specific but unidentified carcinogenic 
agents or agencies. In such a biologic medium, virus-like agents or par- 
ticularly carcinogenic chemicals other than 20-methylcholanthrene may 
have been present and active as inducing factors. The identification or 
control of such possible factors must await further developments in tissue 
culture procedures. 

Although the nature and cause of the transformation of fibroblasts to 
sarcoma-producing cells have not been elucidated, this type of trans- 
formation appears to be a reproducible response of the strain C3H mouse 
fibroblast to the culture conditions used. It is possible that with more 
uniform experimental conditions such as the use of one stock of strain 
C3H mice and one type of culture substrate, sarcomatous transformations 
may become more controllable with respect to time of occurrence and 
intensity of manifestation, and, as such, may prove a valuable and useful 
tool for the study of the cell changes involved and of factors influencing 
the transformation. 


SUMMARY AND CONCLUSIONS 


The object of this study was to determine whether cultured mouse 
fibroblasts acquire the ability to give rise to sarcomas on injection or 
whether a trace of 20-methylcholanthrene in the culture fluid is essential 
for this transformation to occur. Series of fibroblasts from adipose 
connective tissue or skeletal muscle of strain C3H mice were cultivated 
in an entirely heterologous culture medium of dilute horse serum and 
chick-embryo extract. Groups of cultures were treated for 21 days with 
20-methylcholanthrene in concentrations ranging from 0.22 to 0.00008 
microgram per ml, of culture fluid. Both carcinogen-treated and un- 
treated cultures were injected periodically into young strain C3H mice to 
test the ability of the cells to give rise to sarcomas. 

Of five series of cells carried in culture more than a year in the absence 
of any known carcinogen, four eventually became able to give rise to 
sarcomas on injection. The fifth was lost before an adequate study could 
be made. The transformations in the four series occurred after varying 
periods in culture. Although morphologic alterations were observed in 
all five series studied, these changes could not be correlated with the sarco- 
matous transformations of the cells. 

The limited carcinogen treatment failed to enhance the sarcoma pro- 
ducing ability of the cells, and, in the dosage range studied, also failed to 
influence the morphology of the cells. 

The main finding of this study is that the transformation of normal 
cells to cells able to give rise to sarcomas is a reproducible response of the 
strain C3H mouse fibroblast to the culture conditions used. 
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PLATE 27 


Figure 1.—Section of a tumor arising from injection of cells of series 224. Note the 
segregation of muscle bundles by infiltrating tumor cells. Hematoxylin and eosin 
stain. 
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PLATE 28 

Figure 2.—Culture from series 224, showing an unstable morphologic pattern of 

freshly explanted tissue at the glass interface of the culture. 
photographed 12 days after the 2d transplantation. 200. 

FIGURE 3. 


This culture was 


Culture from series 223, showing the normal pattern of fibroblast growth 
at the glass interface of the culture. This culture was photographed 11 days after 
the 34th transplantation. > 200. 
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PLATE 29 


Figure 4.—Culture of series 224, showing the altered pattern of growth at the glass 
interface of the culture. This culture was photographed 10 days after the 3lst 
transplantation. < 200. 

Figure 5.—Culture of series 224, showing the very much altered pattern of growth 
at the glass interface of the culture. This culture was photographed 9 days after 
the 62d transplantation. 200. 
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PLATE 30 


Figure 6.—Culture of series 281, showing the normal pattern of fibroblast growth at 
the glass interface of the culture. This culture was photographed 13 days after the 
17th transplantation. These cells were injected and produced a transplantable 
sarcoma at the injection site by 14 days after injection. x 200. 

Ficure 7.—Culture of series 275, showing the altered pattern of growth at the glass 
interface. This culture was photographed 9 days after the 17th transplantation. 


The cells were injected and produced a sarcoma at the injection site by 10 days 
after injection. 200. 








a 
~~ 
— 


NATIONAL CANCE 


THE 


OF 


JOURNAL 


Sanford et al. 














TRANSPLANTATION STUDIES ON AN IN- 
DUCED FIBROSARCOMA IN SEVERAL RAT 
STRAINS. I. INFLUENCE OF SEX ON IN- 
CIDENCE OF TUMOR TAKES '?%* 


MicHaEL Kern, research fellow, National Cancer Institute, 
National Institutes of Health, U. S. Public Health Service, 
Bethesda, Md. 


Comparatively few examples of a significant sex difference in suscepti- 
bility to transplanted tumors are to be found in the literature. In some 
instances where this has been observed, the effect has been ascribed to 
sex linkage (4, 5) and to ovarian activity (3). Strong (2) encountered a 
sex difference in number of takes when he transplanted mouse mammary 
tumors into a nonsusceptible strain. This difference, however, was evi- 
dent only when animals of varied ages were grouped together and was not 
observed for adults alone. Strong concluded that sexual maturation and 
the development of an organism’s tissue specificity were sometimes 
related. Although a number of investigators have observed no sex 
differences in experiments with transplanted tumors (7, 8, 9), others 
appear to have obtained just the opposite (6, 10, 11). Among the latter, 
the tumors generally were more transplantable to males than to females. 
Foulds (13) also described a sex difference in mice to a transplantable 
tumor that possessed a longer latent period in males than in females of 
the same hybrid strain. In experiments with an induced rat fibrosarcoma, 
a sex difference in number of tumor takes was observed. Details of these 
studies are herein reported. 


METHODS 


The rat tumor employed, Fibrosarcoma 8, was one of several induced 
in the U. C. L. A. Long-Evans strain by subcutaneous injection of methyl- 
cholanthrene. At the time of this experiment, the tumor already had 
been serially transplanted for 13 generations with no appreciable alter- 
ation in growth behavior. All tumor tissue prepared for use was excised 
12 to 18 days following transplantation. Firm, nonnecrotic tissue was 
employed. Weighed amounts of the latter were removed aseptically and 

1 Received for publication, August 8, 1950, 

2 This work was completed in the Department of Zoology, University of California, Los Angeles, under 8 Pre- 
Doctoral Research Fellowship of The National Institutes of Health, U. 8. Public Health Service. 

3 The author wishes to express his appreciation to Dr. Boris Krichesky and to Dr. Howard B. Andervont for 
their suggestions and criticisms, and to Mr. Raymond Kahn for technical assistance. 


4 Data in this paper were submitted in 8 thesis in partial fulfillment of requirements of the Graduate Division 
of the University of California for the Ph. D. degree in Zoology. 
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minced for 15 to 20 seconds with Ringer’s solution in a Waring Blendor. 
The resultant suspension was diluted further to a final concentration of 1 
part moist tumor tissue to 10 parts Ringer’s by weight. Tumor tissue 
was drawn up into a syringe for subcutaneous transplantation, generally 
in the right and left axillary, and right and left inguinal regions. Each 
site received 1.0 cc. of the suspension. The skin directly behind the 
hypodermic needle was pinched off for several seconds after each im- 
plantation. 

Young adult rats of the following strains were employed: 1) U. C. L. A. 
Long-Evans hooded—derived 16 years previously from the Berkeley 
Long-Evans strain. Subsequently, however, the former were pen bred 
throughout their period of separation. 2) Berkeley Long-Evans hooded 
—acquired from the University of California at Berkeley during the prog- 
ress of this experiment. 3) Wistar—obtained some 16 years earlier from 
the Wistar Institute following which they were pen bred continuously at 
U. C. L. A. 4) August—acquired from the laboratory of Dr. M. J. 
Eisen, Columbia University, early in the experiment and maintained by 
brother-to-sister matings. 

A tumor take has been defined to include only those transplants that 
continued to enlarge progressively. Each rat bearing one or more tumors 
was considered as a take. 


OBSERVATIONS 


Fibrosarcoma 8 was transplanted initially to 50 male and 29 female 
U. C. L. A. Long-Evans rats. No significant sex difference in number of 
takes was observed in this, the tumor donor strain. Out of a total of 79 
rats, 72 bore tumors for a 91.1 percent tumor-take incidence. The same 
tumor was implanted similarly into other rats, including 27 males and 28 
females of the Berkeley Long-Evans, 25 males and 25 females of the 
August, and 47 males and 34 females of the Wistar strains. The results 
have been summarized in table 1. Although Fibrosarcoma 8 took more 
frequently in Berkeley Long-Evans males than in females, the difference 
was not significant. Analysis of the data for the Wistar strain, however, 
revealed a significant sex difference in tumor-take incidence. 


TaBLeE 1.—Transplantation of U. C. L. A. Long-Evans rat fibrosarcoma 8 








Number . 

Strain experiment| 8° I Peroftakes| takes’ 
| ee re eee 50 M 46 92 
OR ee SS ee eae 29 F 26 90 
I Rs cc ccanincewcewwedauacinieks 27 M 5 18. 5 
0 EEE AS eet 28 F 1 3. 6 
EN iGicukncdidnesnaaweeonuninweeenawen 47 M 11 23. 4 
RES ESE ee NS INS: 34 F 18 53. 0 
| NRE Se Se eS 25 M 0 0 
Ee ee err 25 F 0 0 

















1U.C. L. A.-L. E.—University of California at Los —_y nn Long-Evans hooded rat. 
3 Berkeley L. E.—University of California at Berkeley, Long-Evans hooded rat. 
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The incidence of tumor takes among U. C. L. A. Long-Evans rats im- 
planted with Fibrosarcoma 8 differed significantly from that in the parent 
Berkeley or in the Wistar strain. In addition, a greater number of takes 
were observed in the latter, an unrelated rat strain, as compared with the 
related Berkeley strain. Fibrosarcoma 8 was not transplantable to the 


August strain. 
DISCUSSION 


Although Fibrosarcoma 8 was transplanted to several rat strains, only 
in the Wistar did a significant sex difference appear. Here, more takes 
occurred among females than males. Thus, the growth and development 
of this tumor in the Wistar strain appeared to be related to the sexual 
status of its host. Other neoplasms with similar growth behavior have 
not been observed frequently (1,12). Whether the increased susceptibility 
of Wistar females to transplants of Fibrosarcoma 8 could be attributed to 
an endocrine dysfunction was not evident grossly. In this strain, no 
abnormalities were apparent in breeding habits, in fertility, in size of 
litters, or in nursing of young. Vaginal smear examinations disclosed no 
significant estrous-cycle irregularities. Little (14) previously had ob- 
served that successful transplantation of the J. W. B. Sarcoma in Japanese 
waltzing mice involved a factor which was sex limited and heritable. The 
increased susceptibility of sexually mature females of this strain was 
ascribed to ovarian activity and was not observed in newborn females. In 
experiments of others (4, 5), where a sex difference in tumor transplanta- 
tion also was encountered, the results were accounted for on the basis of 
sex linkage. Experiments have been initiated to examine further the 
possibility that the difference in tumor-take incidence observed for 
Fibrosarcoma 8 might be explainable on an endocrine basis. 

Transplantation of Fibrosarcoma 8 to rats of the parent Berkeley 
strain gave rise to few takes (11 percent). An unexpectedly high tumor- 
take incidence was observed, however, in the Wistar strain. This was 
significantly greater than that recorded for Berkeley rats despite an 
apparent genetic relationship of the latter to the tumor donor strain. 
Because of such differences in transplantation within the three strains 
discussed, it appeared that the following may have occurred: 1) The 
U. C. L. A. Long-Evans rat may have been outcrossed to the Wistar 
rat during the years of separation of both from their respective parent 
strains. 2) Differences in breeding techniques in the several institu- 
tions involved may have resulted in the development of sublines. The 
former event alone might account to a large extent for the significantly 
higher number of takes in the Wistar as opposed to the Berkeley strain. 


SUMMARY 


Fibrosarcoma 8, an induced U. C. L. A. Long-Evans rat tumor, was 
transplanted to four rat strains. A significant sex difference in incidence 
of tumor takes appeared in one, the Wistar strain, where females were 
more susceptible than males. Examination of estrous cycles, breeding 
habits, fertility, and care of young revealed no significant irregularities 
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in the latter strain. Fibrosarcoma 8 was not transplantable to the August 
strain. Implantation of this tumor, especially into females of the Wistar 
strain, resulted in significantly more takes than in the parent Berkeley 
Long-Evans strain. A possible explanation is offered for this anomalous 
behavior. 
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TRANSPLANTATION STUDIES ON AN IN- 
DUCED FIBROSARCOMA IN RATS. II. 
INFLUENCE OF SEX HORMONES AND 
REPEATED TRANSPLANTATION ON TU- 
MOR IMMUNITY !?** 


MicHaEL KLEIN, research fellow, National Cancer Institute, 
National Institutes of Health, U. 8. Public Health Service, 
Bethesda, Md. 


A number of reviews (1, 2, 3, 4) have been published on the influence 
of castration and the administration of sex hormones in tumor trans- 
plantation. The literature appears to be as contradictory as it is exten- 
sive, with reports varying from no effect to an enhancing or inhibiting 
effect. An evaluation of the data published is difficult because of the 
frequent omission of such essential information as time between castration 
and tumor transplantation, dosage of tumor implanted, site, control of 
operative errors by reimplantation, dosage and purity of hormones 
administered, and number, strain, age, sex, and nutritional status of 
host. 

The role of immunity in the transplantation and growth of tumors 
also has been the subject of numerous investigations. Much of the 
literature already has been reviewed (5, 6, 7, 8). Although it is hard to 
rationalize the findings at this time, it has been accepted generally that 
immunity can not be induced in an inbred strain to a tumor originating 
in that strain. It has also been concluded that immunity may be de- 
veloped against a tumor when transplanted to a related or to a genetically 
different strain (9). Various attempts have been made to alter host 
immunity to transplanted tumors (10, 11). It has been reported that 
in some instances repeated transplantation led to a breakdown of tumor 
immunity (12). Andervont (13) observed that reimplantation of re- 
sistant mice with a tumor from a genetically different strain resulted in 
some takes when the hosts also were injected with trypan blue. On the 
other hand, no effect on tumor immunity was observed when rats sub- 
jected to castration, liver injury, pituitary irradiation, and anterior- 


1 Received for publication, August 8, 1950. 

2 This work was completed in the Department of Zoology, University of California, Los Angeles, under a Pre- 
Doctoral Research Fellowship of The National Institutes of Health, U. 8. Public Health Service. 

3 The author wishes to express his appreciation to Dr. Boris Krichesky and to Dr. Howard B. Andervont for 
their suggestions and criticisms, and to Mr. Raymond Kahn for technical assistance. 

4 Data in this paper were submitted in a thesis in partial fulfillment of requirements of the Graduate Division 
of the University of California for the Ph. D. degree in Zoology. 


381 








382 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


lobe-pituitary injections were transplanted with Sarcoma 10 (14). Others 
(15, 16, 17) also observed no influence of castration on immunity to 
transplanted tumors. Among mice previously immunized to Sarcoma 
180, reimplantation produced a 50 percent tumor-take incidence. How- 
ever, where injections of an estrogen begun earlier were continued follow- 
ing immunization, no takes were observed. 

In transplantation experiments with an induced U. C. L. A. Long- 
Evans rat tumor, Fibrosarcoma 8, a sex difference in incidence of tumor 
takes was observed in the Wistar strain. The same tumor implanted 
into U. C. L. A. Long-Evans rats resulted in no such difference (18). 
Experiments were initiated to determine 1) the influence of castration 
and sex hormones, and 2) the effect of reimplantation and continued 
hormone administration on tumor transplantability. The results are 


reported. 
MATERIALS AND METHODS 


Adult males and females of the U. C. L. A. Long-Evans, Berkeley Long- 
Evans, Wistar, and August rat strains were employed. In addition, 
U. C. L. A. Long-Evans and Wistar castrates and intact estrogenized 
and androgenized Wistars also were used. A brief description of the 
status of these strains and the procedures employed in the preparation 
and transplantation of Fibrosarcoma 8 are given in an accompanying 
paper (18). Each rat was implanted subcutaneously in the right and left 
axillary and right and left inguinal regions with 1.0 cc. of the previously 
described tumor suspension per site. A rat bearing one or more pro- 
gressively growing tumors was considered as a take. 

Sex hormones were prepared for injection as follows. Ten milligrams 
of crystalline estradiol dipropionate ® were dissolved in 50 cc. of sesame 
oil. The solution was administered subcutaneously in the nape of the 
neck, in 0.1-cc. doses. Rats received 200 I. U. of estrogen per injection 
3 times each week. Similarly, 10 mg. of crystalline testosterone pro- 
pionate ® were dissolved in 1.0 cc. of sesame oil. The hormone was in- 
jected as before, each animal receiving three 1.0-mg. doses per week. All 
rats were given 3 or 4 injections prior to tumor implantation to assure a 
high hormonal level. 

In some of the above rats, no sign of a take was observed even after 1 
to3 months. Resistant animals were again transplanted with this tumor. 
Those rats that had received hormone injections previously were con- 
tinued on them throughout the reimplantation experiment. 


OBSERVATIONS 


Nineteen young adult female and 16 male U. C. L. A. Long-Evans rats 
were castrated and 31 to 180 days later implanted with Fibrosarcoma 8. 
Tumor incidences of 89.5 percent and 100 percent, respectively, were 
observed for these 2 groups (table 1). Earlier transplantation experi- 
ments with this tumor in intact males and females of the same strain had 


5 We are indebted to Ciba, Inc., for the estradiol dipropionate and the testosterone propionate (Perandren). 
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resulted in a 91.1 percent tumor-take incidence (18). A comparison of 
the latter with those incidences obtained for the above castrates disclosed 
no appreciable difference. 

Eighty-five young adult male and female Wistar rats were castrated 
and after 7 days for the males and either 14 to 16 or 90 to 575 days for 
the females, all received transplants of Fibrosarcoma 8. A 23.4 percent 
tumor-take incidence previously had been observed for intact males of 
this strain. The 10-percent incidence in gonadectomized males indicated 
that castration did not affect significantly their susceptibility to this 
tumor. Those females ovariectomized 14 to 16 days prior to tumor 
transplantation had a tumor-take incidence of 53.2 percent (table 1). 
When the interval between castration and tumor implantation was 90 to 
575 days, the incidence of takes dropped to 30.3 percent. Neither of these 
two percentages was significantly different from the 53 percent tumor-take 
incidence observed in normal intact females of this strain (18). 


TaBLE 1.—Summary of data on tumor-take incidences in rats transplanted with 
Fibrosarcoma 8 ! 








Strain Endocrine status ameer 3 aenes Sex as a. 2 ae 
(I. U.) ment | of takes| takes 
oS ge ee eee eee M 50 46 92 
ggg PRR ge: SSeS F 29 26 90 
ieee EE eI pe: hen ae! M+F 79 72 91.1 
ae neo ee, CIE oo Ei cSecccdwunnsenn M 16 16 | 100.0 
are ee MN, eT Fe Uae F 19 17 89. 5 
ce ee fe EE See eee M+F 35 33 94.3 
Berkeley L. E__--_- RSS, SS RRS See M 27 5 18.5 
PESO Mees seer, oes a Be M+F 55 6 10. 9 
eee i E Ee a ans F 28 1 3. 6 
ee 5) Ae eee M 25 0 0.0 
Saree pO. Tae F 25 0 0. 0 
ORE. ee M 47 11 23. 4 
SLPS. eS, Lee eee F 34 18 53. 0 
ie ee SE Sd Senet ee M 20 2 10. 0 
ge, Ce EG ACE 1 RE Ea ee eof: 2F 33 10 30. 3 
Oe he eo eee ee re Leer 3F 32 17 53. 2 
FO ase a ales gsr MERRIE Na 237 65 27 41.5 
en eee E. 1,200—3,600- - F 49 27 55. 1 
i re Se E. 2,400—3,600- - M 28 8 28. 5 
sil ena er ee Oe os a eae T. 110—-240_-_-_-- F 20 10 50. 0 























; — of the data have been derived from earlier experiments reported in an accompanying paper in this Jour- 
nal 

2 Castrated 90 days or more prior to implantation of tumor tissue. 

3 Castrated 14-16 days prior to implantation of tumor tissue. 

E.—Estradiol dipropionate. 

T.—Testosterone propionate. 

U.C. L. A. L. E.—University of California at Los Angeles, Long-Evans. 

Berkeley L. E.—University of California at Berkeley, Long-Evans. 


Twenty-eight male and 49 female intact Wistar rats were injected with 
a total of 2,400-3,600 and 1,200-3,600 I. U. of estradiol dipropionate, 
respectively (table 1). A comparison of the 28.5 percent tumor-take 
incidence observed for the males or the 55.1-percent incidence for the 
females with those corresponding to unestrogenized male or female Wistar 
rats was not significant. 








384 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Twenty intact Wistar females were injected with a total of 110 to 240 
I. U. of testosterone propionate. Ten takes were observed for a 50- 
percent tumor incidence. This was not significantly different from the 
53-percent incidence recorded for intact untreated females. 

Animals from the above and from earlier experiments in which Fibro- 
sarcoma 8 did not take following transplantation were again implanted 
with this tumor. In the U. C. L. A. Long-Evans strain, 9 out of 14 males 
and 11 out of 18 females now bore tumors for a combined take incidence 
of 62.5 percent (table 2). When the above 32 rats first had received 
tumor transplants (18), 4 supported growths that enlarged slightly and 
then regressed completely. The remaining 28 showed no signs even of 
temporary growth. All 20 of the reimplanted rats that now bore tumors 
belonged to the latter group. 


TABLE 2.—Reimplantation of | U. C. L. A. Long-Evans Fibrosarcoma 8 
into “resistant” rats 








Duration a Number} motal 
Strain c——_ Endocrine status oe po ——e ee 
(days) ment | % Sexes 

aoe ee Se SE ae eee 32 20 62. 5 
Berkeley L.-E____| 44-76 jj OPED SEE 44 0 0.0 
| EEDEESS: 41-126 (I Se Se 48 0 0.0 
44-79 a (Sa a 55 2 3. 6 
, SESE! 37-77 ee eee 53 0 0.0 
: ey 48-67 Intact.......- E. 4,800—6,400- _ 42 0 0.0 
TT cnnaceucanete 62 a URES AES T. 250-310. ..-.- 10 1 10.0 























1 Only females were used in this series. All others were composed of both sexes. 
Abbreviations—E.—Estradiol dipropionate. T.—Testosterone propionate. U. C. L. A., L.-E.—University 
of California at Los Angeles, Long-Evans. Berkeley, L.-E.—University of California at i Long-Evans 


No takes had been observed among August rats that first received tumor 
transplants (table 1). Neither were any to be seen upon again trans- 
planting 29 male and 19 female nontakes of this strain (table 2). When 
36 of the latter rats were implanted with an induced August fibrosarcoma, 
however, all bore tumors. 

Twenty-two male and 22 female nontakes of the Berkeley Long-Evans 
strain were reimplanted with Fibrosarcoma 8. Again, no takes were 
observed (table 2). Forty-four to 76 days later, a number of these rats 
were implanted with this tumor for a third time but without success. 

From transplantations of Fibrosarcoma 8 within the Wistar strain 
there were obtained 42 male and 13 female nontakes. When these intact 
rats were reimplanted with the same tumor, 2 takes were observed among 
males. 

Seventeen castrate Wistar males in which transplants of Fibrosarcoma 
8 did not take were reimplanted with this tumor after an interval of 30 
days. One month or more following, still no takes were to be seen; nor 
were any observed upon reimplantation of 36 castrate female nontakes 
of this strain (table 2). 

Among intact male and female estrogenized Wistar rats transplanted 
with Fibrosarcoma 8, there had been observed 20 male and 22 female 
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nontakes. These rats continued to receive estradiol dipropionate fol- 
lowing tumor reimplantation. Although each animal received a total of 
4,800 to 6,400 I. U. of hormone during the experiment, all remained 
resistant to the neoplasm (table 2). 

In earlier experiments, 20 intact Wistar females had been transplanted 
with Fibrosarcoma 8 and in addition received periodic injections of 
testosterone propionate. The 10 nontakes resulting from this group were 
reimplanted with the same tumor and androgen administration continued. 
Each animal received a total of 250-310 I. U. but only 1 take was observed 
(table 2). 

Where Fibrosarcoma 8 took upon reimplantation into nontakes, its 
latent period and growth rate appeared not to be altered compared to that 
following initial transplantations. 


DISCUSSION 


Castration exerted no effect on incidence of tumor takes in U. C. L. A. 
Long-Evans rats and in male Wistar rats. Among females of the latter 
strain, however, the data suggested that time between ovariectomy and 
tumor transplantation might be a factor affecting host response. Although 
Strong (19) previously reported a gradual increase in number of takes 
among castrates kept for longer periods prior to tumor implantation, the 
transplantability of Fibrosarcoma 8 in Wistar females decreased under 
similar conditions. The administration of large doses of estrogen or 
androgen to rats of the Wistar strain also was without effect on the 
incidence of tumor takes. 

A number of variables may be associated with the administration of 
hormones, which might account in part for conflicting reports attending 
their use. Results of early investigators (20), based to some extent on 
gland extracts rather than on purified preparations must be considered 
with reserve, since substances exclusive of the hormones may have had a 
part in producing the effects observed. Dosage of hormone is another 
factor that might account for differences in tumor transplantation. 
Nathanson and Salter (15) have suggested that differences reported on 
the influence of the estrogens might be ascribed to amount of hormone 
injected. They, as well as others (21), observed that positive results 
often have been obtained only with the use of high, unphysiologic doses. 
In experiments with Fibrosarcoma 8, no hormonal influence on tumor 
transplantability was observed, despite the use of high doses of estrogen. 

It is difficult to compare our results with those of others who reported 
that castration (22, 23, 24, 25), or the administration of an estrogen 
(21, 26, 27), or an androgen (2, 3, 28), affected the transplantability of the 
tumors they employed. There are many factors in addition to those 
already mentioned that may influence transplantation and that may not 
have been recognized or controlled in the past. Some of the more im- 
portant of these are as follows: 

911992—51——17 
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1) Unavailability of inbred strains (29). 

2) Variations in host, tumor, and transplantation technique. (a) 
age of animals (19); (b) strain or species employed (17); (c) dosage 
of tissue transplanted (30, 31); (d) physiologic potency of tumor 
tissue ($2); (e) differences in tumors (9) ; and (f) site of tumor implant- 
ation (9). 

Under the conditions of these experiments, no influence of castration or 
the administration of sex hormones was observed on the transplantability 
of Fibrosarcoma 8 within the U. C. L. A. Long-Evans or Wistar rat 
strains. The sex difference in tumor-take incidence reported previously 
in the latter strain (18) also was not altered by either of these procedures. 
It is conceivable that the sex chromosomes in the Wistar strain may carry 
genes involved in the transplantation of this tumor. A difference in such 
genes possibly may be responsible for the difference in tumor takes ob- 
served. Although the pheonomenon of sex linkage in tumor transplanta- 
tion is uncommon, it has been demonstrated in some strains of mice 
(33, 34). 

U. C. L. A. Long-Evans nontakes that supported the progressive growth 
of Fibrosarcoma 8 upon reimplantation appeared to be as susceptible as 
those in which the tumor took from the start. Bittner (35) also reim- 
planted “resistant’’ mice with a tumor and observed that takes developed 
in some soon thereafter. He ascribed his initial transplantation failures 
to faulty technique. The discovery of takes following reinoculation of 
U. C. L. A. Long-Evans nontakes with Fibrosarcoma 8, on the surface, 
would appear to involve an alteration in tumor immunity. However, 
as in Bittner’s experiments, it is more likely that these results also are 
ascribable to operative errors. It would be well to consider the factor of 
transplantation technique as well as that involving variability of mate- 
rials in assessing reports in the literature on the induction of a state of 
immunity in a strain to a tumor originating within the same strain. 
Since the U. C. L. A. Long-Evans strain probably was not homogeneous, 
tumor transplantations may have led to the formation of immune sub- 
stances in some of the animals. Thus, the nontakes observed following 
even a second implantation may well represent rats resistant from the 
start. 

Whereas Lewis and Lichtenstein (12) were able to alter the resistance of 
some strains of mice to tumor transplants from a different strain by 
reimplantation, such was not the case in our experiments. A second, 
and in some instances a third transplantation of Fibrosarcoma 8 into 
intact, August, Berkeley Long-Evans, and Wistar nontakes, and into 
castrate nontakes of the latter strain, had no effect on the tumor immunity 
first observed. The two takes that appeared among reimplanted, pre- 
viously “‘resistant,’’ Wistar rats again may have been the result of opera- 
tive errors. These experiments, however, may not be comparable to 
those of the above investigators (12), since we transplanted fairly large 
amounts of tumor tissue at approximately 30-day intervals while they 
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employed smaller doses and at more frequent intervals. Although none of 
the August nontakes bore a tumor following reimplantation, all were 
susceptible when transplanted with a fibrosarcoma induced in their own 
strain. This agrees well with the observations of others (9) on the 
specificity of the immune response. 

Continued administration of large does of androgen to female Wistar 
nontakes from before the first and on through the second transplantation 
of Fibrosarcoma 8 had little effect on the incidence of tumor takes observed 
initially. Similarly, injection of excessive amounts of estradiol dipropio- 
nate into male and female Wistars reimplanted with this tumor produced 
no alteration in tumor immunity. Howard et al. (17) also were unable 
to obtain a significant change in immunity following tumor reimplanta- 
tions in estrogenized Bar H albino A females. On the other hand, in 
reinoculation experiments with castrate mice previously immunized 
against Sarcoma 180, the administration of estrone to females before 
and after the induction of immunity definitely enhanced host resistance 
to further grafts (15). A strict comparison of results of the several 
experiments may not be valid, however, because of difference in tumors, 
in hosts, and in operative techniques. 


SUMMARY 


The transplantability of induced U. C. L. A. Long-Evans rat Fibro- 
sarcoma 8 in castrate adult males and females of the donor and of the 
Wistar strain was compared with that in noncastrates. A significant 
sex difference previously had been observed when the same tumor was 
transplanted to the latter strain, more takes occurring in females than 
in males. Castration did not alter significantly the incidence of tumor 
takes in either sex of the above strains. Administration of high doses of 
estrogen or androgen to normal adult Wistar males and females also was 
without effect. Thus, the sex difference observed in untreated controls 
remained unaffected. It is suggested that sex linkage may be involved. 

Reinoculation of U. C. L. A. Long-Evans nontakes with Fibrosarcoma 
8 resulted in a large number of takes. These were attributed to operative 
errors and not to any alteration in host resistance. Among intact and 
castrate nontakes of the Wistar, August, and Berkeley Long-Evans 
strains, reimplantation produced little if any change in the immune 
response. Intact, androgenized Wistar female and intact, estrogenized 
Wistar male and female nontakes received additional tumor grafts while 
hormone injections were continued. No takes were observed. Thus, 
under the conditions of these experiments, maintenance of a high level 
of exogenous estrogen or androgen produced no noticeable effect on host 
susceptibility to Fibrosarcoma 8. 

A number of factors are discussed to help account for apparent dis- 
crepancies in the literature on the influence of castration and the adminis- 
tration of sex hormones in tumor transplantation. 
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HISTOLOGIC CHANGES IN STRAIN C MICE 
FOLLOWING LONG-TERM INGESTION OF 
THIOURACIL '? 


A. J. Darron, H. P. Morris, M. J. Srriesics, and C. §. 
Dusnik, National Cancer Institute, National Institutes 
of Health, U. S. Public Health Service, Bethesda, Md. 


The ingestion of thiouracil by strain C3H mice for long intervals resulted 
in a delay in the appearance of mammary tumors (/) and in the occurrence 
of pulmonary metastases of thyroid tissue (2,3). Pigment deposits in the 
kidneys and lungs, vascular damage and stones in the urinary bladder were 
also noted (3). It seemed to us to be of interest to determine which if any 
of these changes could be considered strain specific, and the present report 
is primarily concerned with the histologic changes resulting from the long- 
term ingestion of thiouracil by strain C mice. The effects on mammary 
tumor incidence will be reported subsequently. 


MATERIALS AND METHODS 


Forty female and 12 male strain C mice, foster nursed to introduce the 
milk agent, served as the experimental group, and 12 foster nursed strain C 
females and 18 female and 6 male strain C mice without the milk agent 
served as controls. The experimental group was placed on a diet contain- 
ing 0.375 percent thiouracil at 2 months of age. After 6 months at this 
level the concentration of thiouracil was raised to 0.5 percent. The 
mice were maintained on this diet until death, or until they appeared 
moribund, or for control animals until tumors appeared. At autopsy, 
the adrenal and pituitary glands were fixed in Champy fluid and post- 
osmicated, the former to obtain a rough estimate of lipid content, the 
latter for visualization of the Golgi material. All of the other organs 
studied—ovary, testis, uterus, epididymis, kidney, urinary bladder, 
pancreas, spleen, heart, liver, Harderian gland, and eye—were fixed in 
Zenker-formol for 12 hours. Sections were cut at 6 microns and stained 
with hematoxylin and eosin. Champy-fixed material was cut serially at 
4 microns and mounted unstained. All photomicrographs are of material 
fixed in Zenker-formol and stained with hematoxylin and eosin. 

It should be noted that illustrated tissue sections from control animals 
have not always been of the same age and sex as the experimental material. 
“1 Received for publication, August 20, 1950. 


2 The thiouracil used in these experiments was supplied by Lederle laboratories, Pearl River, N. Y., through the 
courtesy of Dr. 8. M. Hardy. 
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Tissues from animals of the same sex and of approximately the same age 
have been examined and are similar to the material photographed. The 
particular fields illustrated were chosen because they were more satis- 
factory for photography. 

RESULTS 


Many of the changes noted in C3H mice were duplicated in strain C 
mice. Iron-positive pigment was found regularly in the proximal con- 
voluted tubules of the kidneys, and pigment negative for iron was found in 
the respiratory epithelium of the bronchi and bronchioles of the lung. 
Vascular damage occurred as frequently as in strain C3H mice and was 
particularly pronounced in the testes (fig. 1). The weights of the adrenal 
glands and uterus of female mice were significantly less than those of the 
controls, whereas the weights of the thyroid gland indicated extreme hyper- 
trophy (table 1, text-fig. 1). The scatter diagram (text-fig. 1) does not 
demonstrate any clear-cut sex difference in the reaction to thiouracil 
ingestion, although none of the thyroid glands of male mice reached the size 
of some of those of female mice. The ovaries appeared to be immature, 
and the uteri showed little evidence of hormonal stimulation. The testes 
showed considerable damage and sloughing of cells in the seminiferous 
tubules (fig. 1), and the epididymis contained many cells in various stages 
of spermatogenesis plus numerous multinucleate forms. The adrenal 
glands showed lipoid loss comparable to that observed in C3H mice. 
Hypertrophy and vacuolization of the Beta cells of the pituitary gland, 
with a change in the pattern of the Golgi material of the Beta cells, were 
again noted. Stones were found in the urinary bladder, in a ratio similar 
to that noted in strain C3H mice. 
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TEXT-FIGURE 1.—Relationship between thyroid weight and length of ingestion of 
thiouracil in male and female strain C mice. 
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Several significant differences in the reaction to thiouracil were noted, 
however. These differences occurred in the thyroid gland, lungs, and 
urinary bladder and in the eyes. 


THYROID GLAND 


Hypertrophy and hyperplasia of the thyroid gland were noted after 
relatively short periods of thiouracil ingestion in the present series as in 
strain C3H. Loss of colloid and collapse of follicles were noted (compare 
figures 2 and 3). The thyroid glands of animals that had ingested 
thiouracil for 10 months or more showed a change from the usual picture. 
In the majority of the glands the colloid remained scanty and the follicles 
remained collapsed, but the epithelial cells became smaller. In some in- 
stances accumulation of moderate amounts of strongly acidophilic colloid was 
noted (fig. 4). In 21 of 31 females and in 7 of 8 males receiving thiouracil 
for 10 or more months, areas of nodular hyperplasia were found. In the 
majority of cases the cells of these areas were larger than the cells of 
uninvolved thyroid tissue and were tall columnar in form, with a faintly 
basophilic cytoplasm and with relatively vesicular pale-staining nuclei 
(fig. 5). These cells were readily distinguishable from the remainder of 
the parenchymal cells, which possessed indistinct cell boundaries and 
strongly basophilic nuclei (fig. 6). Nodules with these characteristics 
have been called type I nodules. While the one-cell type was common to 
the majority of nodules, a few nodules were found in which the cell type 
was very similar to the cells of uninvolved thyroid tissue. These cells 
were, however, somewhat smaller, and their membranes were more 
clearly defined. Their nuclei were for the most part smaller and more 
basophilic. Nodules with these characteristics have been referred to as 
type II nodules (figs. 7 and 8). Occasionally in thyroid glands in which 
the uninvolved tissue contained little or no colloid, nodules were found 
which contained fairly large amounts of strongly acidophilic colloid. 
After relatively short periods of ingestion of thiouracil the nodules were 
usually single; after longer periods of ingestion, they were frequently 
multiple (fig. 9). 

PULMONARY METASTASES 


In strain C3H mice, 10 out of 24 mice fed thiouracil for a year or more 
were found to have pulmonary metastases of thyroid tissue. In the 
present series, however, of the 32 strain C female mice that ingested 
thiouracil for a year or more, only 1 was found to have a pulmonary 
metastasis of thyroid tissue (fig. 10). 


URINARY BLADDER 


Urinary bladder stones were found in 26 of the 43 mice of both sexes 
examined in the present series, a proportion comparable to that found in 
strain C3H mice. Granules similar to the keratohyaline granules of the 
stratum granulosum of stratified squamous epithelium were again found 
in the superficial cells of the bladder epithelium as in the C3H series. In 
addition, 10 of these 26 mice with bladder stones showed a thickening and 
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downgrowth of the bladder epithelium. The downgrowth was extensive 
enough in some cases to suggest neoplasia (fig. 11), but there was never 
any evidence of infiltration. The cells were typical of transitional 
epithelium, and there was no evidence of anaplasia. 

EYE 

Sixteen mice, 7 females and 9 males, ingested thiouracil for at least 15 
months, the longest interval being 26 months. Of these mice, 3 females 
and 7 males developed severe exophthalmos. The exophthalmos was 
usually unilateral but occasionally bilateral. The protusion of the eye 
was so great in some cases that the lids could not be closed over the 
cornea. Drying, infection, and sloughing of the cornea followed in these 
instances. Sections of the Harderian gland showed that the intracellular 
droplets stainable with osmic acid were smaller in treated animals than 
in controls (compare figs. 12 and 13). The few measurements taken 
indicated that there was no increase in weight of these glands in treated 
animals. Sections of the orbit and eye in situ showed no evidence of an 
increase in adipose tissue in the orbit of treated animals, nor did they 
show any evidence of edema of the connective tissue or muscle in the wall 
of the orbit when compared with controls. No difference in the oxygen 
consumption of animals with and without exophthalmos could be detected. 
However, massive hemorrhage into the area between the Harderian gland 
and the wall of the orbit was a consistent finding in all animals that 
developed exophthalmos (compare figs. 14 and 15). In none of the cases 
was there evidence of resorption of the extravasated blood, and sections 
in all cases showed the red blood corpuscles to be intact and stained 
deeply with eosin, even though the exophthalmos had existed in some in- 
stances for as long as 2 months before autopsy. In one animal the eye 
was noted to be hemorrhagic at the onset of the exophthalmos, 3 weeks 
before autopsy. 

As a possibly related factor, it should be noted that vascular damage 
in the kidneys was first found in an animal that had received thiouracil 
for 425 days, and the first case of exophthalmos was found in an animal 
that had received thiouracil for 462 days. All animals exhibiting ex- 
ophthalmos were also found to have developed vascular damage in the 
kidneys. 

DISCUSSION 

With the possible exception of the incidence of exophthalmos, there 
was no evidence of a clear-cut sex difference in the response to thiouracil 
ingestion and for this reason all of the animals have been considered as a 
single group. Nodular hyperplasia was found in many of the thyroid 
glands of strain C mice fed thiouracil for long intervals. The histologic 
appearance of these hyperplastic areas (type I) is similar to that described 
by Laqueur in the rat (4). Since such areas were not found in the thyroid 
glands of similarly treated C3H mice, it would appear that the thyroid 
glands of strain C mice reacted more vigorously to thiouracil feeding than 
did those of strain C3H mice. However, with comparable numbers 
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involved, only 1 strain C mouse was found to have developed a pulmonary 
metastasis of thyroid tissue, while 10 of 24 C3H mice were found to have 
metastases. This would suggest that cells of the thyroid glands of C3H 
mice are stimulated to more vigorous growth from thiouracil than are 
those of strain C thyroid glands. Actually, with the exception of the 
“pale cells,” practically all of the cells of C3H thyroid glands exposed 
to thiouracil are very similar to the cells in nodular hyperplasia in strain C 
thyroid glands. It would appear either that practically the whole thy- 
roid gland of C3H mice is comparable to the areas of nodular hyperplasia 
of strain C mice or that the cells in the nodules of strain C thyroid glands 
are actually the only healthy, active cells in these glands. 

Laqueur (4) noted morphologic changes of an involutionary nature and 
a decrease in weight of the thyroid glands of male rats maintained on 
thiouracil for long intervals. Female rats were not carried for the long 
intervals in that experiment. In the present study involutionary changes 
were noted in the thyroid glands of both sexes after 10 months of thiouracil 
feeding. 

Laqueur also noted the variation in the reaction of different species to 
stimulation by goitrogens. The present study demonstrates that this 
variation may extend to different strains within a species. 

Apparently another strain difference is the way in which the epithelium 
of the urinary bladder reacts to the presence of bladder stones. Bladder 
stones were present fully as long in C3H mice as in C mice, yet only in C 
mice was there thickening of the epithelium with downgrowth. 

The frequent occurrence of exophthalmos in strain C mice and its 
absence in strain C3H mice is apparently another instance of strain dif- 
ference. What is of particular interest here is that none of the usual factors 
involved in the development of exophthalmos appeared to play an im- 
portant role. There was no evidence of an increase in intraorbital fat 
(5), there was no evidence of edema (6, 7), and the Harderian glands were 
smaller if anything than in the controls (8, 9), yet the exophthalmos was 
retained after death suggesting that contraction of the muscle of Muller 
was not an important factor (9). However, hemorrhage in the wall of the 
orbit was a consistent finding. While there was no evidence that vascular 
damage was more prevalent or severe in the region of the orbit than else- 
where, its presence in the blood vessels in this area of relatively high blood 
pressure may have been responsible for the hemorrhage. In addition, 
the presence of vascular damage in the kidney for relatively long periods 
may have induced an increase in blood pressure. 


SUMMARY 


Strain C male and female mice were fed thiouracil for long intervals in 
an attempt to determine which of the changes previously observed in 
C3H mice fed thiouracil could be considered strain specific. 

The hyperplasia and hypertrophy of the thyroid gland, vascular damage, 
pituitary changes, accumulation of pigment in the respiratory epithelium, 
loss of adrenal lipid, development of stones in the urinary bladder and 


~~ 


THIOURACIL IN STRAIN C MICE 397 


immaturity of the reproductive tract were all similar in kind and degree 
to the changes in C3H mice. 

The major differences were in the lungs, in which only one instance of 
metastasis of thyroid tissue was noted; in the thyroid gland, in which 
numerous areas of nodular hyperplasia were found; in the epithelium of 
the urinary bladder, which became thickened in localized areas and 
developed epithelial downgrowths in the presence of bladder stones; and 
in the eye, in which exophthalmos developed in several animals. 
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PuiaTE 31 


Ficure 1.—Testis of a strain C mouse 511 days of age that ingested thiouracil for 


443 days showing vascular and seminiferous tubule damage. 
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PLATE 32 


Figure 2 (Upper).—Thyroid gland of a control female strain C mouse 187 days of age. 


500. 

Ficure 3 (Middle).—Hyperplastie thyroid gland of a female strain C mouse 318 
days of age that had ingested thiouracil for 253 days. Note collapsed follicles, 
absence of colloid, and height of epithelium as compared with figure 2. 500. 

Ficure 4 (Lower).—Partially involuted thyroid gland of a female strain C mouse 438 


days of age fed thiouracil for 373 days, showing decrease in cell size and increased 


basophilia of nuclei with accumulation of strongly acidophilic colloid in some follicles. 
500. 


ee 


ear 





| 
| 
| 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 11 


Dalton et al. 





402 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 33 





Figure 5 (Upper).—Low-power view of a typical large hyperplastic nodule (type 
I) in a thyroid gland of a male strain C mouse 746 days of age, fed thiouracil for 
681 days. Pressure effects on the surrounding thyroid tissue can be seen. 85. | Lf 
Figure 6 (Lower).—High-power view of the margin of the nodule shown in figure 5. ’ 
Margin of hyperplastic nodule below, uninvolved thyroid tissue above. The 
larger size of the cells and nuclei of the nodule and the deeper staining of the i 
nuclei of the uninvolved thyroid tissue are obvious. 500. 
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PLaTE 34 


Ficure 7 (Upper).—Low-power view of a relatively uncommon type of hyperplastic 
nodule (type II) found in a female strain C mouse, 445 days of age, fed thiouracil 
for 380 days. <x 85. 


Ficure 8 (Lower).—Higher-power view of the margin of the nodule shown in figure 7 


(nodule cells in the lower half of the field). The cells of the nodule are smaller and 


contain smaller, more deeply staining nuclei than the cells of the thyroid tissue 
above. x 500. 
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PLATE 35 
Figure 9.—Approximately four-fifths of a section of one lobe of the thyroid gland 


of a female strain C mouse, 810 days of age, fed thiouracil for 782 days, showing 
multiple hyperplastic nodules. < 40. 
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Figure 10 (Upper).—Lung of a female strain C mouse, 681 days of age, fed thiour- 
acil for 618 days, illustrating the only case of metastasis of thyroid tissue. Small 
amounts of colloid are present in some of the follicles. 500. 

Ficure 11 (Lower).—Mucosa of the urinary bladder of a male strain C mouse, 553 


days of age, fed thiouracil for 493 days, showing thickening and downgrowth of the 
epithelium. X 200. 
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PLATE 37 


Figure 12 (Upper).—Harderian gland of a female strain C mouse 571 days of age. 
500. 
Figure 13 (Lower).—Harderian gland of a male strain C mouse, 590 days of age, fed 
thiouracil for 524 days, showing a decrease in size of the cytoplasmic vacuoles and 
distention of some of the acini. X 500. 
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PLATE 38 


Figure 14 (Upper).—Section showing part of the eve and orbit of a control female 
strain C mouse 571 days of age. 60. 

Figure 15 (Lower).—Section showing part of the eve and orbit of an exophthal- 
mie male strain C mouse, 553 days of age, fed thiouracil for 493 days, showing no 
evidence of an increase in adipose tissue and little evidence of edema, either of 
connective tissue or striated muscle, when compared with figure 14. Large areas of 
extravasated red blood corpuscles are present. > 60. 
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CARCINOGENIC ACTION OF THE MUS- 
TARDS !? 


W. E. Heston, National Cancer Institute, National 
Institutes of Health, U. S. Public Health Service, Bethesda, 
Md. 


The somatic mutation hypothesis as applied to the origin of the malig- 
nant cell has been considered by investigators in the field of cancer re- 
search for the past 50 years. Following the demonstration of genes and 
their control over growth and development, the concept of the change 
from normal to malignancy being due to a change in a gene of the somatic 
cell logically became attractive to most geneticists. The hypothesis 
has been advocated particularly by Dr. L. C. Strong in his many publica- 
tions on the inheritance of cancer. Recently, he has given an extensive 
review of the development of the concept (1). 

Unfortunately, known genetic methods have not been adaptable to 
testing the hypothesis. Detection of gene differences has been through 
the observation of the segregation of their different phenotypes in breed- 
ing experiments, and somatic tissue cannot be subjected to breeding 
experiments. Recently, however, evidence in support of the hypothesis 
has been forthcoming from the studies of chemical mutagenesis and the 
search for a correlation between mutagenic and carcinogenic capacities 
of compounds. From tests of compounds shown to be carcinogenic in 
mammals together with closely related noncarcinogenic compounds, 
Demerec (2) and co-workers, and Latarjet and co-workers (3) have 
published data suggesting a positive correlation between the capacity to 
produce cancer in mammals and the capacity to produce mutations in 
Drosophila and microorganisms. 

Projects were undertaken here attacking the problem from the opposite 
approach, i. ¢., the testing of certain mutagens, the mustards, for carcino- 
genic capacity. From the work of Auerbach and Robson (4) using Droso- 
phila, and later others (6-8) using microorganisms, the mustards 
could be considered the most potent of the chemicals that have 
been shown to be mutagenic. Their carcinogenic action, however, had 
not been shown. In fact, the only available evidence was to the con- 
trary. In 1931, Berenblum (9) had reported anticarcinogenic action of 
sulfur mustard when applied in conjunction with carcinogenic tar to 


1 Received for publication, August 20, 1950. 
3 Presented before the American Association for Cancer Research, Atlantic City, April 1950. 
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the skin of stock mice. It appeared, however, that probably the most 
suitable material had not been used, and the need for a more adequate 
test was indicated. 

Those who have worked with pulmonary tumors in the inbred strains of 
mice generally agree that one of the most delicate tests for the carcino- 
genic action of a compound is through its influence upon the develop- 
ment of pulmonary tumors in strain A mice when the compound is in- 
jected intravenously. In addition to data on tumor incidence, this type 
of tumor offers the added advantage of there often being multiple nodules. 
These yield quantitative data to which statistical analyses can be applied 
whereby even small differences can be shown to be real. Such a test 
seemed especially desirable for the mustards in view of their high toxicity 
limiting dosages to very small amounts. 

In a preliminary experiment (10) the intravenous injection of the nitro- 
gen mustard, methyl bis (2-chloroethyl) amine hydrochloride,’ signifi- 
cantly raised the incidence of lung tumor in strain A mice and increased 
the average number of tumors per mouse. In the present report data 
are presented confirming the carcinogenic action of the nitrogen mustard 
and also indicating carcinogenic action of sulfur mustard, bis (2-chloro- 


ethyl) sulfide. 
NITROGEN MUSTARD 


To confirm the observation of the carcinogenic action of the nitrogen 
mustard, two additional experiments were conducted. These are desig- 
nated as experiments II and III, the original experiment being I. 

In experiment II, 32 strain A mice (24 females and 8 males) approxi- 
mately 2 months of age were injected intravenously with 0.001 mg. of the 
nitrogen mustard hydrochloride dissolved in 0.01 cc. of distilled water per 
gram of body weight at 2-day intervals for 4 injections. Thus, the total 
dose for a 25-gram mouse was 0.1 mg. This was the same dosage used 
in the preliminary experiment I, except that in the preliminary experi- 
ment a few of the animals received only 2, and some others only 3 injec- 
tions. Four of the animals of experiment II died soon after the last 
injection and 3 more died without autopsy before the termination of 
the experiment. At the time of autopsy, another showed consolidation 
of the lungs preventing accurate diagnosis of nodules. Of the remaining 
24, 2 males and 2 females were killed and examined 14 weeks after the 
first injection, and 20 were permitted to live for 10 months after the 
first injection and were then killed and examined. The fresh lungs of 
each animal were examined for tumors with the aid of the dissecting 
microscope, the number of nodules appearing on the surface of the lungs 
was recorded, and stained sections were prepared of the nodules for 
final diagnosis. This is our standard procedure in the study of this 
tumor. 

The results of the animals killed 14 weeks after the first injection were 
comparable with those of the preliminary experiment in which the animals 


+ The methy] bis (2-chloroethyl) amine hydrochloride was obtained through the courtesy of Merck and Com- 
pany, Inc., Rahway, New Jersey. 
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were killed at approximately the same time. One female had 3 nodules 
and the other 6, and one male had 6 and the other 10. Histologically 
these tumors and those of all succeeding groups were identical with the 
usual spontaneous and induced pulmonary tumors we have observed in 
mice. 

Results of the 20 animals killed and examined 10 months after the 
beginning of the injections are presented in table 1. All had multiple 
lung tumors ranging from 5 to 16 in number, with an average of 9.6 per 
mouse. 

These results can be contrasted with those of the 32 controls (24 females 
and 8 males) all of which were killed and examined at 12 months of age 
comparable with the 20 injected animals. Twenty, or 62.5 percent, of 
the controls had nodules ranging from 1 to 3 in number, with a mean 
number of 0.81. Results of these controls were comparable with those 
published earlier for untreated strain A mice of this age (11). 

The significant difference between the experimental and control groups 
confirmed the earlier observation of the carcinogenic action of the nitrogen 
mustard. By increasing the time before autopsy beyond that in experi- 
ment I, the average number of tumors in the injected animals was in- 
creased beyond that of the preliminary experiment. The older age 
group of controls also had more tumors but the difference between the 
control and experimental groups was highly significant. 

In order to ascertain whether or not a difference would occur between 
the tumor production response from a dose given in one injection as 
compared with that from the same total dose given in 4 injections, in 
experiment III, 18 female and 17 male strain A mice approximately 
2 months of age were injected with .004 mg. of nitrogen mustard dis- 
solved in .02 cc. of distilled water per gram of body weight. The mortality 
in this group was high, and only 9, all of which were females, lived to the 
time of autopsy at 10 months following the injection. From 4 to 12 
lung tumors were found in each of these 9 females, with a mean number 
of 7.56 (table 1). These results do not differ significantly from those of 
experiment II, in which the total dose was given in 4 injections on alter- 
nate days, t=1.83; P is approximately 30 percent. 


TABLE 1.—Pulmonary tumors in strain A mice injected intravenously with methyl-bis 
(2-chloroethyl) amine hydrochloride 


























; i = , ice with Mean 
Experiment Mice Injections Injected gn number of 
Mg./gm. 
Number | Number| body wt. Months Percent 
I Experimental *...............- 29 | (2-4)| 0.001 3-4 100 3. 48 
| RC Te ese. . ) ee ee eee 13 0. 17 
De NE oon. cccewcces 20 4 0. 001 10 100 9. 60 
CSS See. | ae a 62. 5 0. 81 
Bis PUMOtONEG...... 0c. ccena- 9 1 0. 004 10 100 7. 56 
ee ee | |--------|------- 58. 1 0. 94 
| 





1 From previous publication (10). 
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There were 33 controls (17 females and 16 males) for experiment ITI, 
2 of which died without satisfactory autopsy leaving 31 that were killed 
and examined at the same age as were the 9 experimental mice. Eight- 
een, or 58.1 percent, of these controls had from 1 to 3 pulmonary tumors, 
with a mean number of 0.94 per mouse. Thus, again the difference be- 
tween the injected group and the controls was highly significant, demon- 
strating carcinogenic action of the nitrogen mustard. 


SULFUR MUSTARD 


Following the demonstration of the carcinogenic action of the nitrogen 
mustard, tests for a similar action of sulfur mustard, bis (2-chloroethy]) 
sulfide, were conducted.* Although it was impossible to determine ac- 
curately the amount injected because of the difficulty in measuring the 
small quantity used and because the material is rapidly hydrolyzed in 
water solution, an attempt was made to inject approximately the same 
amount of sulfur mustard as nitrogen mustard. In the first experiment 
(table 2), 30 strain A mice (15 males and 15 females) approximately 
2 months of age were injected intravenously on alternate days with 0.25 
cc. of a 1:10 dilution of a saturated solution of sulfur mustard in distilled 
water (0.06 to 0.07 percent) for a total of 4 injections. Because of the 
high toxicity of the material, 9 males and 4 females died soon after the 
fourth injection. In additon, a male and a female were killed before the 
end of the experiment. At 16 weeks after the time of the first injection, 
the remaining 10 females and 5 males were killed and their lungs were 
examined for tumors. All but one, or 93 percent, of these mice had lung 
tumors ranging from 1 to 4 in number, with an average of 2.6 per mouse. 
TABLE 2.—Pulmonary tumors in strain A mice that received 4 injections (intravenously) 


of .25 cc. of a 1:10 dilution of a saturated solution of sulfur mustard in distilled water 
(0.06 to 0.07 percent) 





| 
Experiment Mice Injected ea | tumors | 
| | 


: 74}, |Mean num- 
Mice with her of ned- 
ules 





Percent 











aa 6 2. 60 
SRS aye PS rea ae 6| 60.7 0. 93 
Be IE esd ccceacne cues 47 4 6 | 68. 1 1. 09 
eee ee | eee 6 | 13. 0 0. 13 





Fifteen strain A males and 15 strain A females comparable in age with 
the experimental group were set aside as controls. One male and 1 female 
were killed before the termination of the experiment, leaving 28 that 
were killed and examined at the same time as the experimental mice. 
Fifteen, or 60.7 percent, of these controls had lung tumors, with a mean 
number of 0.93 nodules. Here again the incidence and average number 
of nodules were significantly greater in the experimental group than in 
the controls, indicating carcinogenic action of the sulfur mustard, although 


‘ The bis (2-chloroethyl) sulfide was obtained through the courtesy of the Medical Division, Army Chemical 
Center, Maryland. 
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possibly not as pronounced as that for the dosage of nitrogen mustard 
given. 

The controls in this experiment, however, were out of line in that they 
had a much higher incidence with a greater average number of nodules 
than is expected for strain A mice 6 months of age. In the experiment 
with nitrogen mustard (10) the controls at 6 months of age had an incidence 
of 13 percent, with an average number of 0.17 nodules. From two experi- 
ments, Larsen (12, 13) has published an incidence of 17 percent, with 
an average of 0.18 and 0.19 nodules per mouse in a considerably greater 
number of control strain A mice 6 months of age. The results for the 
controls of this experiment were comparable with those of the 12-month 
control groups of the nitrogen mustard experiments and with other data 
recorded for 12-month-old strain A mice (11). 

Explanation for the deviation of this control group is not apparent. 
It is possible that it is the result of chance sampling, but such a deviation 
is highly improbable. The slight possibility that this group may have 
breathed some mustard gas which resulted in the deviation is being 
considered. In weighing the control animals the same container as had 
been used for the experimental mice was used, and the cages of the experi- 
mental and of control mice were set side by side on the rack. The effect 
of inhalation of mustard gas fumes by strain A mice is being investigated. 

A repeat experiment (experiment II, table 2) with 48 experimental 
mice (24 males and 24 females) and an equal number of controls was set 
up. In this experiment the controls were littermates of the injected mice 
and special precautions were taken against possible contamination of the 
controls. Also, in preparing the solution only 0.06 to 0.07 percent 
sulfur mustard was added to the distilled water before the 1:10 dilution 
was made, whereas in the first experiment a slight excess of sulfur mustard 
was used in preparing the saturated solution. 

This procedure evidently resulted in a slightly lower dosage, for these 
animals did not lose as much weight as did those of the first experiment 
(text-figs. 1 and 2) and only one, a male, died from the toxicity of the 
material. Two of the controls were killed before the termination of the 
experiment. At 16 weeks after the first injection the remaining 47 
experimental mice were killed and examined along with the remaining 
46 controls. Of the experimental group 32, or 68 percent, had from 1 to 3 
lung tumors, with an average of 1.09 nodules per mouse, whereas of the 
controls 6, or 13 percent, each had a single nodule making an average 
of 0.13 nodules for the group. The significant difference between the 
tumor incidences and average number of nodules of the experimental 
and control groups of this second experiment confirmed the evidence 
of carcinogenic action of the sulfur mustard. 

The fact that a lower incidence and lower average number of nodules 
occurred in this experimental group than in the first experiment was in 
line with the suggestion that these animals of this second experiment had 
received a slightly less amount of the sulfur mustard. The results of the 
controls of this second experiment were in line with the expected for strain 
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TEXT-FIGURE 1.—Experiment I. Weight curves of mice injected with sulfur mustard 
compared with those of controls. 





A mice of this age as judged from the results of the first nitrogen mustard 
experiment and of other strain A groups of this age. 


DISCUSSION 


The carcinogenic action of these two mustard compounds on the lung 
tissue can be compared with that of other carcinogens injected into mice 
of this strain. Although the carcinogenic polycylic hydrocarbons have 
been known to induce a number of other types of tumors when injected 
subcutaneously or directly into other organs, the usual response following 
intravenous injection into mice of this strain is increase in the lung-tumor 
incidence at a given age and increase in the average number of nodules. 
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The response from urethan in this strain is an increase in lung tumors fol- 
lowing any of the usual routes of injection. 

The response from other carcinogens has usually been much greater 
than that reported herein, but the dosage of the carcinogen has also usually 
been greater than that used here. Recently, Shimkin and McClelland 
(14) published the lung-tumor response in strain A mice injected intra- 
venously with graded doses of methylcholanthrene, exterding into the 
range comparable with that of the mustards used here. It should be 
emphasized that the response Shimkin and McClelland observed for doses 
of methylcholanthrene of the size comparable to the doses of the mustards 
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TEXT-FIGURE 2.—Experiment II. Weight curves of mice injected with sulfur mustard 
compared with those of controls. 
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used here was no greater than that recorded in this study for the mustards. 
From the work of Henshaw and Meyer (14) it appears that the carcinogenic 
effect of urethan is likewise no greater than that of the mustards given in 
comparable amounts. 

It is indicated from other investigations that the carcinogenic action 
of some of the mustards, at least, is not limited to lung tissue. Boyland 
and Horning (1/6) injected stock mice subcutaneously with the nitrogen 
mustards, methyl bis and methyl tris, and of 14 that survived 250 days, 
10 had tumors including 8 lung tumors, 2 lymphosarcomas, a uterine 
fibroma, and a spindle-cell sarcoma at the site of the injection. In- 
vestigations are under way in this laboratory testing mice of inbred 
strains for response to subcutaneous injections of both the nitrogen and 
sulfur mustards. 

The implications that the demonstration of carcinogenic action of these 
two strong mutagenic mustards has on the somatic mutation hypothesis 
for the origin of cancer must not be extended too far. Although the 
available evidence certainly suggests a positive correlation between 
mutagenic and carcinogenic capacities of compounds, many more com- 
pounds must be tested carefully for both their carcinogenic and mutagenic 
capacities before such a correlation is definitely established. Further- 
more, a positive correlation will not definitely prove that a carcinogen 
affects the malignant change through a change in a gene. It could be 
expected that what could alter a gene might also disturb other cell com- 
ponents and some of these changes might be responsible for the malignant 
change. 

The confirmation of carcinogenic action of this nitrogen mustard to- 
gether with the demonstration of such action of sulfur mustard does, 
however, add two more compounds to the list showing a positive correla- 
tion between mutagenic and carcinogenic capacities. The work reported 
also gives further indication of the suitability of this type of tumor for 
these carcinogenic studies. The quantitative measure offered should be 
of particular value in further testing of mutagens for carcinogenic capac- 
ity, in measuring dose response or studying synergistic action to be com- 
pared with mutagenic response. 


SUMMARY 


Carcinogenic action of two mutagens, the nitrogen mustard, methy] bis 
(2-chloroethyl) amine hydrochloride, and sulfur mustard, bis (2-chloro- 
ethyl) sulfide, has been demonstrated. Thus, two more compounds are 
added to the list of those showing a positive correlation between carcino- 
genic and mutagenic capacities. 
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THE INFLUENCE OF THYMECTOMY ON 
THE INCIDENCE OF CARCINOGEN-IN- 
DUCED LEUKEMIA IN STRAIN DBA MICE! 


L. W. Law and J. H. Miuuer, National Cancer Institute, 
National Institutes of Health, U. S. Puble Health Service, 
Bethesda, Md. 


Following whole-body exposure to fractionated roentgen radiation (1, 
2), administration of estrogens (3) or a combination of both leukemogenic 
agents to mice (4) the leukemias that are induced by these leukemogenic 
agents appear to arise initially and principally in the thymus. Thy- 
mectomy in strain Ak mice (5, 6, 7) and in strain RIL mice (8) strikingly 
reduced the incidence of leukemia, increased the mean age at death of 
leukemics and resulted in an increased mean life expectancy. In these 
high-leukemic strains of mice, Ak and RIL, the thymus is involved in 
nearly every case of spontaneous leukemia and in many, it is the sole 
organ involved. It is suggested that the effects of thymectomy in these 
strains were due to removal of potentially malignant cells of lymphoid 
origin at this site. Thymectomy in still another high-leukemic strain of 
mice, strain C58 (8), resulted in a striking decrease in the incidence of 
leukemia, from 90.9 to 34.9 percent, an increase in the mean age at death 
of leukemics and an increased mean life expectancy. In this high-leukemic 
strain, however, in contrast to strains Ak and RIL, thymic involvement 
in spontaneous leukemia was found in only 52 percent of an autopsy 
sample of 73 mice. Moreover, in over half of the animals with involve- 
ment of the thymus the extent of involvement suggested that the thymus 
might often have been secondarily involved by extension from other 
lymphoid tissue. 

These results might be interpreted to mean that in strain C58 mice, 
removal of the site of potentially malignant cells by thymectomy was not 
an entirely satisfactory explanation for the decrease in the incidence of 
leukemia. 

The present experiment was undertaken in an effort to elucidate the 
possible role of the thymus in leukemias induced by a carcinogen, methyl- 
cholanthrene, in strain dba mice. In this strain, as in strain C58, involve- 
ment of the thymus in the leukemic process appears to be due to infiltra- 
tion from other sites. Only 27 percent of dba leukemic mice autopsied 
in the terminal stages of the disease showed thymic involvement and this 
was usually only slight or moderate in extent (table 1). In addition, by 
“t Received for publication, August 22, 1950. 

425 








426 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


use of strain dba mice it was hoped to determine whether the presence of 
thymic tissue had any effect on the incidence of other tumors induced by 
the carcinogen, methylcholanthrene. 


MATERIALS AND METHODS 


Two hundred twenty-three mice of both sexes of strain dba, subline 
212, were used in this study. Thymectomies were performed at 4 weeks 
of age according to the method of Kaplan (9) with minor modifications 
(8), (Group I, table 2). In a second group of mice, the spleen was re- 
moved at 4 weeks of age through a small lateral incision. The organ was 
excised after ligation of splenic vessels. In Group III, a single thymus or 
in some cases two were removed from littermates and transplanted to 
the axillary region of intact mice through a small median dorsal incision. 
In Group IV, thymectomies were performed at 4 weeks of age and the 
thymus transplanted immediately to the right axillary region through the 
incision made for the thymectomy operation. In Group V, the control 
animals were intact, unoperated mice, except for 15 “sham-operated” 
mice in which a complete exposure of the thymus, but no removal was 
done. 

In order to determine the fate of transplanted thymuses a separate 
group of 25 intact dba mice of the same age was used. These mice were 
sacrificed at 2-day intervals up to and including 16 days beginning 2 days 
after transplantation of the entire thymus from a littermate. The usual 
method of painting with carcinogen was carried out on these mice. Sub- 
serial sections were made of the recovered transplanted thymuses for 
microscopic studies. 

All mice were housed in an air-conditioned room. They were kept in 
plastic cages, not more than 7 to each cage, and were given a constant 
supply of Derwood Mills cubes ? and tap water. 

Methylcholanthrene * was applied percutaneously in a 0.2-percent solu- 
tion of ethyl ether three times a week at each of six different sites in 
order to minimize the development of skin tumors. Paintings were be- 
gun at 5 weeks of age, 1 week following the operative procedures, and 
continued for 20 paintings. It has been shown previously that the carcino- 
genic hydrocarbons, particularly methylcholanthrene and 9,10 dimethyl-1,2 
benzanthracene, are powerful leukemogens for strain dba mice (10-13), 
when applied at appropriate concentrations to the skin. 

All mice were autopsied, and microscopic study was done on tissues 
appearing grossly leukemic and those suspected of being leukemic. Par- 
ticular care was taken to observe the operative scar and to determine 
the absence of thymic tissue in the thymectomized mice. 

Body weights were obtained weekly throughout the first 8 weeks and 
periodically thereafter to the age of 24 weeks. 

“2 See Morris, H. P. Publ. Am. Assoc. Adv. Se. 22: 140-161 (1945). 


3 The methylcholanthrene was obtained from Dr. Jonathan Hartwell, National Cancer Institute. The melt- 
ing point was 179.9°-180.6° C., corrected. 
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RESULTS 


Table 2 shows the incidence of leukemia in relation to age in the differ- 
ent experimental groups. The difference of means between control and 
thymectomized mice was found to be 47.7+9.8 percent where P<0.001. 
In contrast to the results obtained in strains RIL and C58 mice following 
thymectomy (8), dba thymectomized mice that developed leukemia did 
so even earlier than control mice. These results might indicate that tis- 
sues of lymphoid origin in strain dba mice aside from the thymus, e. g., 
lymph nodes, spleen, and other foci of lymphoid cells, are more susceptible 
to leukemogenesis than in the other strains previously investigated. 
Three animals in the thymectomized series, all of which had leukemia, ap- 
peared to have a slight regeneration of thymic tissue, and microscopic 
examination showed infiltration of leukemic lymphoblasts into the thy- 
mus. These animals are not included in the thymectomized group. 

The results indicate that the presence of thymic tissue in the body 
(right axillary region) allows for the full expression of the incidence of 
leukemia of strain dba mice painted with methylcholanthrene. In 26 
mice, which were thymectomized followed by immediate transfer of the 
thymus to the right axilla, the incidence of leukemia and the mean age 
at death from leukemia are similar to the intact, control mice. The 
difference of means of the 2 groups, thymectomized and thymectomized 
followed by autoplastic transplantation, was 47.1+11.6 percent where 
P< 0.001. 

Splenectomy and transplantation of either one or two thymuses into 
intact mice did not appear to affect the incidence or mean age at death 
from leukemia. The P values obtained for these two groups compared 
with control mice were 0.3 and 0.6, respectively. The small differences 
in incidence involved thus could be sampling differences. 

Mortality from all causes in thymectomized mice was 10.9 months. 
Mortality from all causes in control and thymectomized mice bearing auto- 
plastic grafts was 9.8 and 10.8 months, respectively. 

Examination of thymuses transplanted into the right axilla of intact 
dba mice and recovered at 2-day intervals revealed the following changes: 
At 2 days massive degeneration of thymic lymphocytes was evident, with 
extensive pyknosis and karyorrhexis of nuclei and with nuclear debris 
scattered throughout the transplant. Very few lymphocytes were normal 
in appearanceatthistime. There wassomeevidence of disintegrationof the 
thymus reticulum cells in certain areas but generally there was apparent 
hyperplasia of the reticulum (fig. 1). Degenerative changes could be 
detected in the thymic lymphocytes for 10 days, at which time the trans- 
plant was composed chiefly of elongated reticulum cells (fig. 2). At 12 
and 14 days, numerous small round cells believed to be thymic lympho- 
cytes reappeared, and some indication of arrangement in thymic nodules 
was noted. At 16 days there appeared to be reconstitution of thymic 
structure with thymic lymphocytes in certain areas arranged in the form 
of nodules. Numerous formations resembling Hassall corpuscles were 
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now found in the transplants (fig. 3). Many of these transplants have 
been recovered at autopsy after an interval of 8 to 10 months and appear 
to be fully reconstituted thymus tissue (figs. 5 and 6). The exact number 
of thymuses that persisted following transplantation was not easily deter- 
mined because of the difficulty of locating tissue that had apparently 
undergone involution in mice beyond 12 months of age (fig. 4). Thus, it 
was impossible to correlate the development of leukemia with the state of 
preservation of the transplant. 

Only 5 transplanted thymuses in 48 mice of the homoiotransplant series 
were definitely involved in the leukemic process (figs. 8 and 9). One was 
found to be involved in the leukemic process in the thymectomized series 
bearing autotransplants; this, however, was a much smaller series. 

By reference to table 3, it can be seen that the absence of the thymus 
had no significant effect on the incidence of either induced skin carcinomas 
(both sexes) or mammary tumors in females. The incidence of skin car- 
cinomas was higher in the thymectomized series, and the incidence of 
breast tumors was higher in the control group, but neither difference was 
found to be statistically significant. It has been shown previously by 
Furth (6) that thymectomy did not significantly affect the induction by 
methylcholanthrene of lung tumors or tumors of the skin and mammary 
gland in hybrid mice produced by crossing high- and low-leukemic strains 
of mice. 


TaBLE 3.—Incidence of other tumors in thymectomized and control strain dba mice 
following painting with methylcholanthrene 











Tumors 
Mice Number* 
al Mammary Leukemia 
III 6. bntsdccccscencee. 50(20) 19 4 11 
(38.0%)| (20.0%)| (22.0%) 
CE. si ciccccwnmunninnacialeaeaein 59(30) 17 8 43 
(28.7%)| (26.6%)| (72.8%) 

















*Numbers in parentheses are females. Skin carcinoma and incidence of leukemia determined for both sexes; 
mammary tumor incidence for females. 


The majority of induced leukemias in strain dba mice were lymphoid in 
type, resembling the usual leukemias appearing spontaneously in mice. 
There occurred a diffuse infiltration into subcutaneous and internal lymph 
nodes, and in the spleen, liver, kidney, lung,and ovary. The thymus and 
mediastinum, when involved, showed as a rule only slight or moderate 
infiltration. In most cases neoplastic lymphoblasts were found in the 
peripheral blood. Only those cases in which definite gross and micro- 
scopic findings existed were diagnosed as leukemia. Occasional reticulum- 
cell-sarcoma-like conditions were found, usually occurring beyond 12 
months of age, but these were not found to be characteristic of any of the 
experimental groups. 
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DISCUSSION 


Absence of the thymus does not appear to influence the general health 
of the animal. Weight curves for thymectomized strains C58 and RIL 
mice previously reported (8) and for strain dba were identical with those 
of control mice. Sample groups of females allowed to breed produced as 
well as their control littermates. No differential susceptibility to common 
laboratory infections was noted among the thymectomized mice. Thus, 
it would appear that the striking reduction in the incidence of leukemia 
observed in this study does not result from causes affecting the general 
condition of the animals. 

The data presented by Furth and co-workers (5-7) for strain Ak and 
by us (8) for strain RIL are best interpreted by assuming that the thymus 
in these high-leukemic strains is an important site for potentially malignant 
cells. If the gland is removed the conversion from normal to neoplastic, 
which usually occurs in the thymus, is prevented. The assumption must 
also be made that other lymphoid tissues do not usually become malignant 
under normal conditions. If these interpretations are correct, then 
thymectomy should not prevent the transformation to leukemia in a 
very high percentage of mice in which this disease apparently does not 
originate in the thymus, such as strains C58 and dba. Nevertheless, in 
strain C58 the spontaneous incidence of leukemia was reduced from 90.9 
to 34.9 percent, and in strain dba the incidence of leukemia induced by 
methylcholanthrene was reduced from 69.7 to 22.0 percent following 
thymectomy at 4 weeks of age. In both strains previous observations 
indicated that involvement of the thymus in the leukemic process was 
usually due to infiltration from other sites, and the thymus was very 
rarely a site of origin. 

Since thymectomized mice of strain dba bearing autoplastic grafts of 
the thymus show an incidence of induced leukemia (69.1 percent) similar 
to that of the intact control mice (69.7 percent), it appears that the 
presence of thymic tissue in the body is a necessary antecedent to the 
development of leukemia in a very high percentage of mice, even though 
the thymic tissue does not appear to participate actively in the conversion 
from a normal to a malignant cell. An interpretation of the precise role 
of the thymus in this disease must be postponed until information is 
available regarding the effect of thymus extracts and of transplanted 
thymuses of different genetic constitutions and susceptibilities into appro- 
priate test mice, as well as the studies on malignant lymphomas induced 
by roentgen radiation. 

The results reported here, as well as the studies by Kaplan (14) and 
Lorenz (/5) on malignant lymphomas induced by roentgen-radiation, 
indicate that the thymus may be involved in an indirect induction 
mechanism leading to the production of malignant lymphomas in mice. 
As shown by Kaplan, equal doses per-unit volume of fractionated irradia- 
tion delivered either to the whole body or to specific localized areas resulted 
in striking differences in the incidence of leukemia. The studies of 
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Lorenz showed that shielding the thymus during whole-body exposure to 
roentgen radiation did not significantly reduce the incidence of lymphoid 
tumors, and that irradiation over the thorax alone did not induce 
lymphomas characteristically produced by whole-body irradiation. These 
studies indicate that the thymus is involved in an indirect manner in a 
systemic response preceding malignant lymphoma development. 

Despite a striking decrease in the incidence of leukemia in thymecto- 
mized strain dba mice, the mean age at death from leukemia was not 
increased as was noted by Furth (6) for strain Ak mice and by us (8) for 
strains RIL and C58. These groups, however, are not strictly com- 
parable, since in strain dba a powerful leukemogenic agent was used. 
The appearance of leukemias in the thymectomized group at an early age 
indicates that other tissues of lymphoid origin, except the spleen, are 
susceptible to the leukemogen, methylcholanthrene. 

Our results relating to the induction of other types of tumors, skin 
carcinomas and mammary tumors, confirm the work of Furth in showing 
a relationship between the thymus and a specific tumor type only, the 
malignant lymphomas of mice. 


SUMMARY 


Removal of the thymus at 4 weeks of age in strain dba mice strikingly 
reduced the incidence of lymphoid leukemia induced by methylcholan- 
threne from 69.7 to 22.0 percent. 

Removal of the spleen or transplantation of either one or two thymuses 
into intact dba mice at 4 weeks of age did not significantly change the 
incidence of induced lymphoid leukemias from that in intact animals. 

Thymectomy followed by immediate autoplastic grafting of the thymus 
into the right axilla resulted in an incidence of induced leukemia of 69.1 
percent, indicating that the presence of thymic tissue in the body is a 
necessary antecedent to the development of leukemia in a high percentage 
of mice in this strain. 

The absence of thymic tissue did not significantly change the incidence 
of other types of tumors induced by methylcholanthrene, e. g., skin 
carcinomas and mammary tumors. 

The significance of these findings relating to the role of the thymus in 
the conversion of lymphoid cells from normal to neoplastic is discussed. 
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Ficure 1.—Thymus at 2 days following transplantation. Degeneration of lympho- 
cytes evident with some reticular hyperplasia. X 145. 
Ficure 2.—Thymus at 10 days following transplantation. Transplant composed 
chiefly of reticular cells. Lymphocytes have completely disappeared. Beginning 
formation of Hassall corpuscle-like bodies. X 145. 
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PLatTe 40 


Thymus at 16 days following transplantation. Reconstitution of thymus 


FIGURE 3. 
of thymic lymphocytes. Numerous Hassall corpuscle-like bodies 


with return 


present. 20. 
Figure 4.—Physiologiec involution of transplanted thymus. Reeovered from dba 
mouse 12 months of age. 20. 
Ficure 5.—Reeovered transplanted thymus in a dba leukemic mouse 6 months of age. 


No apparent leukemie involvement of transplant. 20. 


tecovered transplanted thymus in a dba leukemie mouse 6 months of age. 


FIGURE 6 
No apparent leukemie involvement of transplant 315. 
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PLATE 41 
Figure 7.—Fully reconstituted thymus transplant recovered from a dba mouse 8 
months of age. Mouse was not leukemie. % 20. 

Ficure 8.— Transplanted thymus recovered from dba leukemic mouse 5 months of age. 
Profuse infiltration of lymphoblasts replacing thymie lymphocytes. . to 
Figure 9.—Transplanted thymus recovered from a dba leukemic mouse 9 months of 
age. Replacement of thymic lymphocytes by leukemie lymphoblasts. % 315. 
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FINER STRUCTURE OF HEPATIC, INTES- 
TINAL AND RENAL CELLS OF THE MOUSE 
AS REVEALED BY THE ELECTRON MICRO- 
SCOPE! 


Aupert J. Darton, Hersert Kanter, Mary Jo 
Srriesicu, and Botivar Luioyp, National Cancer Institute, 
National Institutes of Health, U. S. Public Health Service, 
Bethesda, Md. 


INTRODUCTION 


Methods for cutting thin sections for the study of tissues and organs 
under the electron microscope (1-6) have been developed to a degree 
that allows us to turn our attention to the factors involved in obtaining 
material worth cutting. Early examination of such sections convinced 
us that agents commonly used in fixing tissues for study under the light 
microscope are not necessarily satisfactory for use in electron microscopy. 
The present report deals with 1) an evaluation of a series of fixatives for 
electron microscopy, and 2) a description of the results obtained by the 
use of a combination of fixing agents on certain tissues. 


MATERIAL AND METHODS 


At first, in order to limit the number of variables, fixatives were ex- 
amined for their effects on but one cell type, the hepatic cell of the fed 
C3H mouse. Hepatic cells were compared after fixation with their 
appearance in the fresh state under the phase contrast microscope. 
Later, other cell types were also studied. The first fixatives tested were 
as follows: 10 percent formalin, Zenker-acetic, Zenker-formol, Champy, 
with and without post-osmication (7), Regaud, with and without chrome 
mordanting, Flemming, Carnoy, and 2 percent osmic acid. Later, a 
mixture of equal parts of 2 percent osmic acid and 1 percent lanthanum 
sulfate, and still later a mixture of equal parts of 2 percent osmic acid, 
3 percent potassium bichromate, and 1 percent lanthanum sulfate were 
also tested. To eliminate another variable the liver was in each case 
perfused through the hepatic portal vein with cold 0.85 percent NaCl to 
remove most of the blood. Perfusion with saline was followed immediately 
by perfusion with the fixative. The liver was then removed from the 
animal and slices 1 mm. thick were transferred to the same fixative for 
varying lengths of time. The tissue was eventually embedded and 


1 Received for publication, September 19, 1950. 
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sectioned by the method described by Newman, Borysko, and Swerdlow 
(4, 5). It should be mentioned at this point that polymerization of the 
butyl methacrylate must be carried almost to completion before trans- 
ferring tissue to it for embedding. Otherwise damage to the tissue from 
the polymerization process usually occurs. 


RESULTS 


As was to be expected, it was found at the outset that acid-containing 
fixatives were useless as far as the preservation of cytoplasmic detail was 
concerned. However, they were found, in general, to retain a fair rep- 
resentation of nuclear and chromosomal detail. Ten percent formalin 
and other fixatives containing formalin preserved cytoplasmic detail to a 
greater extent than did the acid-containing fixatives but a consistent 
finding with this series was the presence of numerous vacuoles in the 
cytoplasm ranging in size from 0.8 » down to the limits of the resolving 
power of the electron microscope. Since vacuoles of this type were not 
seen in fresh hepatic cells under the phase contrast microscope it was felt 
that they were induced by the fixatives themselves, by the embedding 
process, or by exposure to the electron beam. Mercuric chloride in addi- 
tion induced the formation of a coarse network of filaments throughout 
the cytoplasm. 

Two percent osmic acid alone of all the fixatives tried appeared to give 
some promise. After its use, vacuoles were found but not in great num- 
bers. Mitochondria were fairly well preserved, and usually the nuclear 
and cell membranes were found intact. Detail within the nuclei, how- 
ever, was almost completely lost. In all cases the nucleoli stood out 
sharply against a smooth, homogeneous background (fig. 1). Since 
Opie (10) obtained satisfactory fixation of nucleic acids with lanthanum, 
a combination of equal parts of 2 percent osmic acid and 1 percent lantha- 
num sulphate was tried. With it, both nuclear and cytoplasmic detail 
was preserved as a reasonably satisfactory representation of that seen 
in fresh cells under the phase contrast microscope (figs. 2 and 3). In 
this material cytoplasmic filaments were found which were less than 
0.07» in diameter and which were arranged in more or less parallel rows 
(fig. 4). These groups of filaments occupied areas comparable to those 
occupied by the basophilic material of the cytoplasm of hepatic cells 
visualized in stained preparations. The filaments were found to be 
greatly decreased in hepatic cells from fasted mice. In cells of a spon- 
taneous hepatoma they were very numerous (figs. 5 and 6). Attempts 
to remove the fibrils by treatment with ribonuclease failed, but in the 
same material there was no evidence of loss of density in nucleoli. In- 
cidentally it was found that the ribonuclease used digested the nucleoli 
of hepatic cells fixed in Regaud and embedded in paraffin but was inactive 
against the nucleoli of liver cells fixed in Regaud and embedded in butyl 
methacrylate, even after presumably complete removal of the plastic 
from the sections. 
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After perfusion in the osmic-acid lanthanum-sulfate mixture, slices of 
liver were immersed in an excess of the mixture for varying lengths of time 
at room temperature. It was found that with longer fixation, better 
results were obtained, with greater contrast under the electron beam. 
However, with longer fixation excess osmic acid was reduced and remained 
in the tissue. The result was that with fixation longer than 8 hours 
the thinnest sections were only poorly penetrated by the electron beam. 
Scattering of electrons and loss of contrast and detail resulted. For this 
reason a combination of equal parts of 2 percent osmic acid, 1 percent 
lanthanum sulfate, and 3 percent potassium bichromate was tried, and 
this proved to be an excellent fixative. It was found that tissues could 
be fixed in this mixture for 24 hours without increase in density of the 
tissue beyond that necessary for good contrast. It also had the added 
advantage of being colored, so that progress of the perfusion could be 
followed visually. 

Fixation of the liver by perfusion was an easy and routine matter but 
attempts at fixation of other organs by perfusion were at first failures. 
Preparative anesthesia by the intraperitoneal injection of nembutal con- 
taining 1 percent atropin proved to be essential if complete perfusion of 
the gastrointestinal and urogenital tracts was to be expected. Perfusion 
followed by fixation for 24 hours at room temperature resulted in excellent 
preparations of intestine, kidney, and testis, and with fair fixation in the 
pancreas. While perfusion of the central nervous system appeared to be 
complete, fixation was not satisfactory, presumably because of the 
presence of large amounts of lipid in this tissue. 

Sections of intestinal epithelium showed excellent detail and corrob- 
orate and extend the findings of Granger and Baker (8). Filaments of 
the striated border of the chief cells of the duodenum continue through 
the cell membrane into the cytoplasm and extend for considerable distances 
toward the proximal border of the cell (fig. 7). The filaments are approx- 
imately 0.14 » in diameter distally and are frequently narrower near the 
cell membrane. They average 0.9 u in length on cells near the surface 
(fig. 8) and 0.44 uw on cells in the depths of the intestinal glands (fig 9). 
The surface of the filaments appears to be of greater density than the 
central core. Small groups of filaments tend to be developed near, or 
extend from, the area of the cross sections of terminal bars. In goblet 
cells, cytoplasmic strands can be seen to extend from the peripheral cyto- 
plasm inward, between the secretory droplets (fig. 10). In figure 10 the 
droplets appear nearly as white as the transparent lumen region. This 
indicates that most of the original material has disappeared from the 
droplets during the fixation and embedding procedures, the boundaries 
of the droplets remaining nevertheless sharply delineated. 

Sections of the kidney show in considerable detail the structure of the 
brush border and cytoplasm of the cells of the proximal convoluted 
tubules. Filaments of the brush border emerge as a tuft from a common 
point at the free surface of the cell. They average 0.07 u in diameter 
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and 2.13 uw in length (fig. 11). At the point where the tuft emerges from 
the free surface in some cells the filaments appear to be attached to the 
interdigitating cell membranes. These membranes are approximately 
0.18 » in thickness. There is a dense, thick basement membrane at the 
proximal border of the cell which appears to be intimately associated with 
the cell membrane so that in this material one cannot be distinguished 
from the other. Evidence of the interlocking arrangement of processes 
of proximal tubule cells is shown in figure 12 in which many cell mem- 
branes are present in one small field. 

Examination of cells of the choroid plexus of the third and fourth ven- 
tricles of the brain shows the presence of a brush border similar to that 
of the kidney cells just described. 


DISCUSSION 


The review of a series of fixatives commonly used in light microscopy 
demonstrated their inapplicability for use in electron microscopy. The 
mixture of equal parts of 2 percent osmic acid, 1 percent lanthanum sul- 
fate, and 3 percent potassium bichromate has, in our hands, resulted in 
fixation superior to any other tried. The poor penetrating power of osmic 
acid requires that this mixture be used as a perfusate followed by immer- 
sion of the tissue in the mixture. Twenty-four hours’ fixation appears to 
be satisfactory for liver, intestine, and kidney. The fixative has not 
given good results on cells of the central nervous system. 

The groups of submicroscopic fibrils in hepatic cells are thought to 
represent the basophilic substance visualized in stained sections under 
light microscopy. The fact that the fibrils decrease in number in fasted 
animals, as does the basophilic substance, is suggestive. It is possible 
that these fibrils are comparable to those observed by Porter and Thomp- 
son (9) in sarcoma cells grown in tissue culture. Attempts to digest the 
fibrils with ribonuclease failed, but since there was no evidence of any 
action by ribonuclease on the nucleoli of the same cells it was assumed 
that ribose nucleic acids cannot be digested by ribonuclease after fixation 
in this mixture. 

The significance of the similarity in the finer structure of the chief cells 
of the intestine, the cells of the proximal convoluted tubules of the kidney, 
and the cells of the choroid plexus is not clear. It is of interest that at 
the first two of these sites selective absorption of various substances from 
a free surface into the blood stream occurs. 


SUMMARY 


1. A series of fixatives was tested for their suitability in studies with 
the electron microscope, using the hepatic cell of the mouse as a test object. 
The majority of the fixatives tested were-unsatisfactory for one reason or 
another. It was found that a combination of osmic acid, lanthanum sul- 
fate, and potassium bichromate gave satisfactory preservation of both 
cytoplasmic and nuclear detail. 
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2. Groups of submicroscopic fibrils were observed in hepatic cells and 
in hepatoma cells. They appeared to be comparable to the basophilic 
substance of liver cells seen in stained sections under the light microscope. 

3. The cytoplasmic components of the chief cells of the intestine and 
the cells of the proximal tubules of the kidney were studied and have been 
described. The filaments of the brush border of kidney cells were found to 
be arranged in tufts originating beneath the cell surface. Cell membranes 
of proximal tubule cells, under light microscopy, are prominent in these 
preparations. 


REFERENCES 


(1) Cuavpe, A., and Futiam, E. F.: Preparation of sections of guinea pig liver 
for electron microscopy. J. Exper. Med., 83: No. 6, 499-504 (1946). 

(2) Pease, D. C., and Baker, R. F.: Sectioning techniques for electron microscopy 
using a conventional microtome. Proc. Soc. Exper. Biol. & Med. 67: 470 (1948). 

(3) Baker, R. F., and Pease, D. C.: Improved sectioning technique for electron 
microscopy. J. Applied Phys. 20: 480 (1949). 

(4) Newman, 8S. B., Borysko, E., and Swerpitow, M.: New sectioning techniques 
for light and electron microscopy. Science 110: 66-68 (1949). 

(5 -—: Ultra-microtomy by a new method. J. Nat. Bur. Standards 43: 183- 
199 (1949). 

(6) Latra, H., and Hartmann, J. F.: Use of glass edge in thin sectioning for elec- 
tron microscopy. Proc. Soc. Exper. Biol. & Med. 74: 436-439 (1950). 

(7) Darton, A. J., and Epwarps, J. E.: Mitochondria and Golgi apparatus of induced 
and spontaneous hepatomas in the mouse. J. Nat. Cancer Inst. 2: 565-575 

1942). 

(8) GranGer, B., and Baker, R. F.: Electron microscope investigation of the striated 
border of intestinal epithelium. Anat. Rec. 103: 43 (1949). 

(9) Porter, Kk. R., and THompson, H. P.: Some morphological features of cultured 
rat sarcoma cells as revealed by the electron microscope. Cancer Research 7: 
431 (1947). 

(10) Opie, E. L.: Cytochondria of normal cells, of tumor cells, and of cells with var- 

ious injuries. J. Exper. Med. 86: 45-54 (1947). 


911992—51 


25 








444 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 42 


Figure 1.—Portions of adjacent hepatic cells of mouse perfused with 2 percent osmic 

acid followed by fixation for 1 hour in 2 percent osmic acid. Original magnification 

2,600. Final magnification x 10,400. The line in the right lower corner 
represents 1 micron. 
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PLATE 43 
Figure 2.*—Part of the cytoplasm of a hepatic cell of the mouse perfused with a 
mixture of equal parts of 2 percent osmie acid and 1 percent lanthanum sulfate 
followed by fixation for 6 hours in the same mixture. Original magnification 
2,600. Final magnification < 10,400. 


Figure 3.*—Part of a hepatic cell of the mouse perfused with the osmic-acid lan- 
thanum-sulfate mixture and fixed in the same mixture for 6 hours. Nuclear and 
cytoplasmic detail is reasonably well preserved. (Part of the nucleus to the right 
of the field.) Original magnification < 2,600. Final magnification < 10,400. 


*T he line on each figure represents 1 micron. 
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Piate 44 
Figure 4.—Submicroscopic filaments in the cytoplasm of a hepatic cell perfused and 
fixed for 4 hours in 2 percent osmic acid. Original magnification x 2,600. Final 
magnification X 10,400. The line in the right lower corner represents 1 micron. 
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PLaTE 45 


Figure 5.—Submicroscopic filaments in a cell of a spontaneous hepatoma in a hybrid 


Y < C mouse. The filaments are longer, thinner, and more numerous than in 
normal hepatic cells. Perfused and fixed in 2 percent osmie acid for 4 hours. 
Original magnification < 2,600. Final magnification * 10,400. The line in the 


right lower corner represents 1 micron. 
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PuaTE 46 
Figure 6.—Submicroscopic filaments in cytoplasmic areas of 2 adjacent spontaneous 
hepatoma cells. Perfused and fixed for 4 hours in 2 percent osmic acid. 
magnification 2,600. 
corner represents 1 micron. 


Original 
Final magnification X 10,400. The line in the right lower 





Wi 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 11 


PLATE 46 





Dalton et al. 








454 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 47 
FiGgurRE 7.*- 


Section of intestinal epithelium showing the distal margin of several 
adjacent chief cells and one goblet cell. 


The filaments of the striated border can 
be seen to extend into the cytoplasm. Original magnification 5,400. Final 
magnification 10,400. The line in the right lower corner represents 1 micron. 
Fictre 8.*—Section of duodenal epithelium at the surface of a villus showing the 
striated border. Original magnification 5,400. Final magnification 10,400. 
The line in the right lower corner represents 1 micron. 
sulfate, 


*Material was perfused and fixed in a mixture of equal parts of 2 percent osmic acid, 1 percent lanthanum 
and 3 percent potassium bichromate for 24 hours. 
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PLaTE 48 


Figure 9.—Section of duodenum showing the cross section of the 
intestinal gland and the distal ends of surrounding chief cells. 
tion 3,500. Final magnification <x 10,400. 
represents 1 micron. 


lumen of an 
Original magnifica- 
The line in the right lower corner 
(Material was perfused and fixed in a mixture of equal parts 
of 2 percent osmie acid, 1 percent lanthanum sulfate and 3 percent potassium 
bichromate for 24 hours.) 
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PLaTE 49 


FicureE 10.—Section of duodenal epithelium showing the distal margins of several 
chief cells and one goblet cell. Strands of cytoplasm can be seen to separate the 


individual secretory droplets of the goblet cell. Original magnification * 3,500. 
Final magnification < 10,400. The line in the right lower corner represents 1 
micron. (Material was perfused and fixed in a mixture of equal parts 2 percent 


osmic acid, 1 percent lanthanum sulfate, and 3 percent potassium bichromate for 
24 hours.) 
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PLaTe 50 

Figure 11.*—Parts of cells of the proximal convoluted tubule of the kidney showing 
the brush border in the form of tufts of filaments originating at a point below the 
cell surface. Some tufts appear to arise in the cement substance of the terminal 
bars. Original magnification < 5,400. Final magnification « 10,400. The line 
in the right lower corner represents 1 micron. 

FicureE 12.*—Section of the proximal portion of cells of a proximal convoluted tubule 
of the kidney showing many cell membranes in a small area resulting from the 
complex interdigitation of cells in this part of the tubule. Original magnification 

5,400. Final magnification x 10,400. The line in the right lower corner repre- 
sents 1 micron. 


*Material was perfused and fixed in a mixture of equal parts 2 percent osmic acid, 1 percent lanthanum sul- 
fate, and 3 percent potassium bichromate for 24 hours. 
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